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QKOLOQY 

William No»l Benson, D.So., B.A. (Cantab.), P.G.8. 

Student Demonstrator in Geology, 1907. Junior Demonstrator in Geology, 190940. Science 
Scholar of the Royal Commissioners for the Exhibition of 1851, 1911. Linnean Macleay 
Fellow in Otology , 19144915. Acting Lecturer in Geology, 1916 — 

1. The volcanic necks of Hornsby and Dundee, near Sydney. Jour, and Proc. Boy. Soc. 

N.8.W. for 1910, 26 July 1911, xliv, pt. 4, pp. 495-555, plate XXXiv, 14 text-figs. 

2. Note descriptive of a stereogram of tho Mount Lofty ranges, South Australia. Trans. Boy. 

Soc. S. Aus. for 1911, xxxv, pp. 108-111, plates xx-xxi. 

. Preliminary note on the nephclim? bearing rocks ot tne Liverpool and Mfc. Royal Ranges, 
Jour, and Proc. Boy. Soc. N.S.W., Feb. 8 1912, xlv, pt. ii, pp. 174-186, plates vt.-vii, 3 
text-figs. 

3. Spilite lavas and radiolarian rocks in Now South Wales. Geol. Mag., 13 Jan. 1913, x (Decade 

v), no. 583, pp. 17-21. [Work done as 1851 Science Research Scholar.] 

. The Scamander mineral ilist riot Geological Survey of Tasmania Bulletin, No. 9,1911, p. 16-17, 
. Model for a polarising microBeope. Geol. Mag., Oct. 1913 Dor. v, no. 592, pp. 447-8, 
l text-fiff. 

. A preliminary account of the geology of Nundlc district near Tamworth, N.S.W. Rt]A. 
Aust. Ass. Adv. Science , 1911, pp. 109-106, plate n and 1 figure. 

4. Tho geology and petrology of the great serj ontinc belt of Now South Walos, parts I, II, III. 

Proc. Linn. Sor. N.S.W., 19 Doc. 1913, xxxviii, pt. 3 (no. 151), pp. 491-517, plates 
xx-xxi; 23 March 1914, xxxviii, pt. 4 (no. 152), pp. 509-596, plates XXH-XXIV; 23 
March 1914, xxxviii, pt. 4 (no. 152), pp. 662-724, plates xxvn-xxix. [Work done 
as 1851 Scienco Research Scholar.] 

*5. Petrological notes on various New South Wales rocks. Proc. Linn. Soc. N.S.W. , 25 Sept. 

and 24 Nov. 1914, xxxix, pts. 2 and 3 (nos. 154-155), pin 447-453. 

*6. The geology and petrology of the great serpentine belt of New South Wales. Part IV. 
The dolerites, spilites and keratophyms of the Nundle district. Proc. Linn . Soc. N.S.W., 
10 June 1915, xl, pt. 1, (no. 157), pp. 121-173, plates xxv-xxvn, 6 text-figs. Part V. 
The geology of the Tamworth district. Proc. Linn. Soc. N.S.W., 10 Dec. 1915, xl, pt 
3 (no. 159), pp. 540-624, plates xlix-uii. 

*7. Note* on the geology of the Cradle Mountain district; with a bibliography of the pleisto¬ 
cene glaciation of Tasmania. Reprint Proc. Roy. 86c. of Tasmania, 1916, pp. 1-15, plates 
l-iv. 

William Rowan Browne, B.Sc. 

Junior Demonstrator *n Geology, 1911-1912. Assistant Lecturer and Demonstrator in Geology, 1918— 

1. The geology of the eruptive and associated rocks of Pokolbin, N.8. Wales. Jour, and Proc. 

Boy. Soc. N.S.W., 26 June 1912, xlv, pt. 3, pp. 379-408, plates xxv-xxvm. [With A. B. 
Walkom.j 

2. The geology of the Cooma district, N.S.W. Part I. Jour, and Proc. Boy. Soc. N.S.W., 

1914, 25 Nov. 1914, xlviii, pt. 2, pp. 172-222, plates n-v. 

Leo Arthur Cotton, B.A., B.Sc. 

Assistant Lecturer and Demonstrator in Geology, 1911— Evening Lecturer »» Geology 1915— 

1. Note on the limitations of De Chaulnes’ method of determining refractive index. Reft. 

Aus. Ass. Adv. Sci. 1911, 23 April 1912, xiii, pp. 120-124, 2 text-figs. 

2. 8ome crystal measurements of chillagite. Jour, and Proc. Roy. Soc. N.S.W., 25 March 

1918, xivi, pt. 2, pp. 207-219, plates xv, xvi. [With C. D. Smith.] 

*3. Note on the relation of the devonian and carboniferous formations west of Tamworth, 
N.S.W. Proc. Linn. Soc. N.S.W., 22 July 1913, xxxvii, pt. 4 (no. 148), pp. 708-708. 
[With A. B. Walkom.] 

*4. The diamond deposits of Copeton, New South Wales. Proc. Linn. 8oc. N.S. W., 26 Feb. 

1915, xxxix, pt. 4 (no. 156), pp. 803-838, plates xc-xon. 

♦5. Some geo-physical observations at Burrinjuck, N.S.W. Jour, and Proc. Boy. Soc. N.S. W. 
1915, 28 April 1916, xlix, pt. 3, pp. 448-462, plate lxii, 3 text-figs. 

T. W. Edgeworth David, C.M.G., B.A., D.Sc., F.R.8. (New College, Oxford). 

Professor and William Hilton Novell Lecturer in Geology, 1891— 

1. Geological notes of the British Antarctic Expedition 1907-09. Extrait du Cample Bendu 
du XJ:e Congrh Geologique International , 1912, pp. 767*811. [With R. E. Priestley.] 
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2. British Antarctic Expedition 1007-9 under the command of Kir E. H. Shackleton, C.V.O. 
Reports on the scientific investigations. Geology. Vol. 1. Glaciology, physiography^ 
stratigraphy, and tectonic geology of South Victoria I,an!; with short notes on 
palwontology by T. G. Taylor and E. J. Goddard. London, William Heinemann, 1914, 
4to. Pp. xxiv, 319, 1 blank, 96 plates, 67 text-figs. [With R. E. Priestley.] 

*3. Presidential address to Australasian Association for tho Advancement of Science. Rcpt. 

Aus. Assoc. Adv. Sci. Melbourne 1013, 1914, xiv, pp. xliii-xcii. 

4. A preliminary communication on an Australian cranium of probable pleistocene ago. Med. 

Jaw. of Aus., 26 Sept. 1914, i, no. 13. p. 308. [With J. f. Wilson.] 

*5. Discovery by the Australasian Antarctic Expedition of important submarine banks. 
Geog. Jour., May 1913, xli, no. 5, pp. 461-463, 2 figs. 

6. Mawsons Australasian Antarctic expedition. Nature, 21 Aug. 1913, xoi, p. 661. 

7. Antarctic problems: paper read before the Royal Geographical Society. Nature, 19 Feb. 

1914, xcii, pp. 700-702. 

8. Note on an exjx'ditioii to Dutch New Guinea: pai»er delivered by A. K. It. Wollaston before 

the Roval Geographical Society, London. Geogr. Jour., March 1914, xliii, no. 3. pp. 
272-273. 

9. Antarctica and some of its problems. Geogr. Jour., June 1914, xliii, no. 6, pp. 605-630, 8 

figs. 

10. Remarks on physiography and glacial geology of east Antarctica: paper read before 

the Royal Geographical Society, London. Geogr. Jour., Dec. 1914, xliv, no. 6, pp. 
666-568. 

11. On the term permo-carboniferous and on the correlation of that system. Re.pt. Brit. Assoc.. 

Adv. Sci. Australia 1914, 1915, pp. 379-380. I With W. K. Dun.] 

12. Preliminary communication on an Australian cranium of probable pleistocene age. Rept. 

Bril. Assoc. Adv. Sci. Australia 1914, 1915, p. 531. [With J. T. Wilson.] 


Cathkhisk Drummond Smith, B.Sc. 

Junior Demonstrator in Geology. 1911 

•1. Some crystal measurements of chillagite. Jour, and Pror. Roy. Soc. N.S.W ., 25 March, 
1913, xlvi, pt. 2, pp. 207-219, plates xv, xvi. [With L. A. Cotton. 


Arthur Bachk Walkom, B.Sc. 

Junior Demonstrator in Geology and Physical Geography, 1910-11. Linnean Macleay Fellow 

in Geology, 1912-13. 

1. Note on a new species of Favoaites from Yums district, N.S.W. Proc. Linn. Soc. N.S.W., 

16 May 1912, xxxvi, pt. 4 (no. 144). pp. 700-701, plates xxx-xxxi. 

2. The goology of the oruptivo and associated rocks of Pokolhin, N.S. Wales. Jour, and Proc. 

Soy. Soc, N.S. W. 1911, 26 Juno 1912, xlv, pt. 3. pp. 379-408, plates xxv-xxvtii. [With 
W. R. Browne.] 

3. Note on the relatiou of the devonian and carboniferous formations west of Turn worth, 

N.S.W. Proc. lAnn. Soc. N.S.W., 22 July 1913, xxxvii, pt. 4 (no. 148), pp 703-708. 
[With L. A. Cotton.] 

*4. Stratigraphical geology of tho permo-carboniferous system in the Maitlasd-Braoxton 
district., Proc. Linn. Soc. N.S. IF., 17 Sept. 1913, xxxviii, pt. 1 (no. 149). pp. 144-146, 
plates vni-xni, 10 text-figs. 

5. The geology of the permo-carboniferous system in the Glendonbrook district nca: Singleton, 
N.8.WV Proc. Linn. Soc. N.S.W., 17 Sept. 1913, xxxviii, pt. I (no. 149), pp. 146-159, 
plate xiv, 4 text-figs. 

*6. Notes on some recently discovered occurrences of the pscudomorph glendonite. Proc. 
Linn. Soc. N.S.W 17 Sopt. 1913, xxxviii, pt. 1 (no. 149), pp. 160-168, 6 text-figs. 

Waltkr Gjsorok Woolvouoh. D.So. 

Assistant-Lecturer in Mineralogy and Petrology mtd Demonstrator in Geology, 1905-1913- 

1. Notes on the Geology of West Moreton, Queensland. Jour, and Proc. Roy. Soc. N.S.W. 1911, 

8 Feb. 1912, xiv, pt. 2, pp. 137, 159. [With it. A. Wearne.] 

2, Pr elimin ary note on the geology of the Kempsoy district. Jour, and Proc. Roy . Soc. N.S. W. 

1911, 8 Feb, 1912, xiv, pt. 2, pp. 159-168, plafco v. t . _ 

d. Report of preliminary scientific expedition to the Northern Territory. Bulletin of the 
Northern Territory, no. 1, March 1912. [With others.] 
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PATHOLOGY 


David Arthur Welsh, M.A., B. Sc„ M.D., M.R.C.P. (Edin.). 

Professor of Pathology , 1902- 

1. A contribution to a discussion on serum and vaccine therapy at the ninth Australasian 

Congress, Sydney, Sept. 1911. Aust. Med. Oat., 22 March 1918, xxxiii, no. 12 (whole 
no. 427), pp. 253-266. 

la.- Trans. Aus. Med. Cong., 9th session (Sydney 1911), 1913, i, pp. 145-149. 

2. Some aspects of vaccination and immunity. Aus. Mods. Gaz. t 16 Aug. 1913, xxriv. no. 7 

(whole no. 448), pp. 146-148. 

3. On the surgical pathology of the large intestine, with special reference to carcinomp. Trans. 

Aust. Med. Cong., 9th session (Sydney 1911), 1913, i, pp. 145-149. 

•8. The intensive specific treatment of epidemic cerebro-spin&l meningitis. Med. Jour. Aus. t 
12 Aug. 1916, ii, 3rd year, no. 7, pp. 113-117. [With W. S. Brown.] 


PHYSIOLOGY 

Clem in t Henry Burton Bradley, M.B., Ch.M. (Syd.), M.R.C.8. (Eng.), L.R.C.P. 
(Lond.), D.P.H. (Lond.). 

Demonstrator in Physiology, 19134 — 

1. Some observations upon the biochemistry of the ayrabiotic growth of aerogene and anaerogene 

coliform organisms; with special reference to the combined action of B. typhosus and 
B. morgan, no. 1, on Mannitol. Med. Qaz., 1 Feb. 1913, xxxiii, no. 5 (whole no. 420), 
pp. 97-103. 

2. Jottings on the aetiology of organismal disease. Jour. 8yd. Univ. Med. Soc., May 1913 

n.s. vi, pt. 1, pp. 15-18. 

3. A fatal case of appendicitis complicated by spreading cellulitis of obscure clinical and bacterio¬ 

logical nature. Aust. Med. Qaz.. 5 April 1913, xxxiii, no. 14 (whole no. 430), pp. 300-301. 
[With R. S. E. Todd and C. H. Shearman.] 

4. Some notes on the symbiotic activities of coliform and other organisms on media containing 

carbohydrates and allied substances. Rept. Brit. Assoc. Adv. Sci. Australia 1914, 1915, 
p. 556. 

Henry George Chapman, M.D., B.Se. 

Assistant Lecturer and Demonstrator in Physiology , 1903-10. Lecturer and Demonstrator in 
Physiology, 1911-12. Assistant Professor of Physiology , 1913— 

1. A new commutating and roversing key. Jour, of Physiol ., xliii, Proceedings of the Physiol • 

Soc., pp. xxvi-xxviii, 1 fig. 

2. Action of the latex of Euphorbia pcplus on the photographic plate. Re.pt. Aus. Ass. Adv. Sci. 

1911, 23 April 1912, xiii, p. 30. [With J. M. Petrie. Abstract.] 

3. A contribution to the study of prccipitins. Kept. Aus. Ass. Adv. Sci. 1911, 23 April 1912, 

xiii, p. 298. [Abstract.] 

4. On the origin of sulphuretted hydrogen and sulphide of iron in brackish lagoons. Rept. 

Aus. Ass. Adv. Sci. 1911, 23 April 1912, xiii, pp. 688-689. [Abstract.] 

5. Technical education for bakers. Tech. Qaz . N.S.W., 1st term 1913, iii, pt. 1, pp. 51-53. 

6. Some qualities of a baker's flour. Aus. Baker and Miller's Jour., 29 Nov. 1913, xvii, no. 9, 

pp. 66-67, 70. 

*7. The detection of albumen in human urine. Med. Jour, of Aus., 31 Oct. 1914, i, no. 18, 
pp. 418-421. 

8. On the freezing point of the laked red blood corpuscles of man and some domesticated 

animals. Med. Jour, of Aus., 3 Oct. 1914, i, no. 14, p. 330. 

9. Photographic action of Euphorbia juice. Engineering, 20 Nov. 1914, xcviii, no. 2551, p. 611. 

[Abstract of paper read before B.A.A.S., 1914. With J. M. Petrie.] 

•10. Note on the estimation of fat in food for infants. Jour, and Proc. Roy, Soc, N.S.W 1914, 
15 March 1915, xlviii, pt. 3, pp. 409-472. 

11. The action of the juice of Euphorbia peplus on a photographio plate. Kept. Brit. Assoc. 

Adv . Sci. Australia 1914, 1915, p. 303. [With J. M. Petrie.] 

12. On the freesing-point of the laked blood corpuscles of man and some domesticated animals. 

Rept. Brit. Assoc. Adv. Sci. Australia 1914, 1915, p. 559. 

13. The distribution of nitrogen in the seeds of Acacia pycnantha. Rept. Brit. Assoc. Adv. Sci. 

Australia 1914, 1915, pp. 666-667. [With J. M. Petrie.] 
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Jambs Matthew Petrie, D.8o„ F.I.C. 

Junior Demonstrator in Chemistry, 1895-1896. Caird Research Scholar, 1904-1905. 
Linnean Madeay Fellow in Bio-Chemistry, 1907 

1. Action ol the latex of Euphorbia peplus on the photographic plate. Kept. An*. As*. Adv. 

Sci. 1911, 28 April 1912, xiii, p. 30. [With 11. (1. Chapman. Abstract.] 

2. The chemistry of Doryphora sassafras. Proc. Linn. Soc. N.S.W., 26 Aug. 1912. xxxvii nt 

1 (no. 146), pp. 139-156. ’ v ' 

3. Hydrocyanic acid in plants. Part 1: Its distribution in tho Australian flora. Proc. Linn. 

Soc. N.S.W. , 26 Aug. 1912. xxxvii, pt. 1 (no. 145), pp. 220-234. 

*4. Hydrocyanic acid in plants. Part II: Its occurrence in the grasses of New South Wales. 

Proc. Linn. Soc. N.S.W. , 23 March 1914, xxxviii, pt. 4 (no. 152), pp. 624-638. 

*6. Note on the occurrence of Strvchnicine. Proc. Linn. Soc. N.S.W., 23 March 1914, xxxviii 
pt. 4 (no. 152), pp. 701-704. 

6. Photographic action of Euphorbia juice. Engineering, 20 Nov. 1914, xeviii, no. 2551, p. 

All. (Abstract of Paper read before B.A.A.S., 1914. With H. G. Chapman.] 

7. The action of the juice of Euphorbia peplus on a photographic plate, Bept. Brit. Assoc. 

Adv. Sci. Australia 1914, 1915, p. 303. (With H. G. Chapmau.] 

8. The distribution of nitrogen in the seeds of Acacia pyrnantha. Bept. Brit. A**nc. Adv. Sci. 

Australia 1914, 1915, pp. 666-667. 

9. The cyanogenetic plants of New South W ales. Bept. Brit. Assoc.. Adv. Sci. Australia 1914, 

1915, p. 343. 

•10. The chemical investigation of some poisonous plant* in the N.O. Solanaceas. Part ii: 
Nicotiana suaveolens and the identification of its alkaloid. Proc. Linn. Soc. N.8.W. 
14 Juno 1916, xl„ pt. 1 (no. 161), pp. 148-151. 

Sir Thomas Putter Anderson Stuart, K.B., M.D., Ch.M., LL.D. (Edin.). 

Professor of Anatomy and Physiology , 1883-1890. Professor of Physiology. 1890— 

1. Demonstration on the dissection of the ox eve-ball, with special relation to Smith's operation 

for cataract. Trans. An*. Med. Cong., 9th session (Sydney 1911), 1913, ii. p. 749. 

2. The functions of the corpora arantii. Med. Jour, of An* , 3 Oct. 1914, i, no. 14, p. 333. 

[Abstract of paper read before the B.A.A.S.] 

3. Sound waves. Med. Jour, of Ans., 3 Oct. 1914, i, no. 14, p. 333. [Demonstration before 

the B.A.A.S., of apparatus showing how the air particles move in transmitting sound.] 

4. Tho cyclograph. Med. Jour, of Ans., 3 Oct. 1014, i, no. 14, p. 333. [Demonstration, before 

the B.A.A.S., of an instrument for quickly nmrking particular portions of microscopical 
specimens. J 

5. The action of the stapedius muscle. Med. Jour of Au*., 3 Oct. 1914, i, no. 14, pp. 333-334. 

[Abstract of no to read before the B.A.A.S.] 

6. The action of the intercostal*. Med. Jour of An*., 3 Oct. 1914, i. no. 14, p. 334. [Abstract 

of a communication, made to the B.A.A.H., on the fixation of the thorax in forced and 
in delicate movements.] 


Henry Sloan e Ha loro Wakulvw, D.Se. 

Science Besenrch Scholar in Physiology, 1913-1915. Junior Demonstrator vi Physiology, 1915-1916 
Linnean Maclcay Fellow in Physiology, 1916 

•1. On tho accuracy of Neumann’s method for the estimation of phosphorus. Jour, and Proc. 
Boy. Soc. N.S. W. 1914, 12 Aug. 1914, xhiii, pt. 1, pp. 73-93. 

•2. On the nature of the deposit obtained from milk by spinning in a centrifuge. Preliminary 
communication. Jour, and Proc. Roy. Soc. N.S.W. 1914, 25 Nov. 1914, xlviii, pt. 2, 
pp. 152-171. 

*3. On the diffusible phosphorus of cow's milk. Jour, and Proc. Boy. Soc. N.S.W. 1914, 25 
Nov. 1914, xlviii, pt. 2, pp. 253-266. 

4. Note on the deposit obtained from milk by spinning in a centrifuge. Kept. Bni. Assoc. Adv. 
Sci. Australia 1914, 1915, p. 556. , 

*5. The temperature of Echidna aculeata. Proc. Linn. Soc. N.S W15 Sopt, 1915, xl. pt. 2, 
pp. 231-258, 8 figs. , ...... 

•6. On the composition of human milk in Australia. Part I. Fhe composition during the 
early stage* of lactation. Jovur. and Proc. Roy. Soc. N-S. 1!. 1915, 15 Nov. 1915, xhx, 
pt. 2, pp. 169-198. 1 fig. , ___ 

7. Carbon dioxide in expired air. Med. Jour, of Aus. t 6 May 1916, i, 3rd year. no. 19, p. 387. 
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W. N. BKNSON. 


PRELIMINARY NOTE on the NEPHELINE-BEARING 
ROOKS OF the LIVERPOOL and MOUNT ROYAL 
RANGES. 

By W. N. Benson, b.sc. 

With Plates VI, VIT. 

[Head before the Royal Society of N, 8. Wales, August 9, lull J 

About two years ago, when first in the Nundle district, 
the writer noticed the great abundance, in the gravels of 
the Peel River, of pebbles of a remarkable coarse-grained 
basic rock with large dark purple-brown phenocrysts of 
augite. An examination of slices of these under the micro¬ 
scope showed that the augites were strongly zoned, some¬ 
times having the hour-glass structure, and were highly 
titaniferous, while there were a number of largo apatite 
prisms. The general facies strongly recalled the famous 
nepheline dolerite of the Lobauer Berg in Saxony. Never¬ 
theless no nepheline was detected, the salic mineral being 
labradorite. Similar rocks were found later at Crawney, 
probably in situ , some fourteen miles further up the river 
than Nundle. Want of time prevented the investigation of 
their Held relationships. While on a brief visit to Goonoo 
Goonoo, a small pipe of the rock was found forming a slight 
elevation (Ourrajong Hill) about a mile south-east of the 
station. A further large extension of these rocks was 
suggested by the following observation made by Mr. E. 0. 
Andrews:—“At the Hunter and Manning River headwaters 
two distinct basaltic types occur, one a holocrystalline 
rock with large augite crystals so abundantly scattered 
throughout its mass as to obtain for it locally the name of 
4 plum pudding stone.’ Other types found here are dense 
fine-grained vesicular olivine basalts.” 

1 Tertiary History of New England, Rec. <Jeol. Surv. N.S.W., Vol. 
vii, pt. 3, p. 63, 1903. 
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Some months later on examining a collection of rocks 
given by Mr. Eustace Wilkinson of Pokolbin near Maitland 
to Mr. It. E. Priestley, F.o.s., a similar pornhyritic rock 
was found, and, on sectioning, abundant neplieline was 
clearly visible. In letters from Mr. Wilkinson I learn the 
following particulars : The rocks occur in a large series, 
stretching from Stewart’s Brook to the Barrington Trigono¬ 
metrical Survey Station, a distance of 10 miles. They 
appear everywhere to overlie a dense normal olivine basalt, 
and this in turn overlies steeply dipping cherts, sandstones, 
and shales, carrying such typically Carboniferous forms as 
Orthobctcs crcni stria , »S pirifera striata , OrUwnyahia , 
0 apulus of. O ehlcrtii l)e Ivon., with abundant crinoid stems. 
The fossils were kindly determined by Mr. W. S. Bun in 
specimens forwarded by Mr. Wilkinson. 

The section exposed on the Barrington Trig, as observed 
by Mr. Wilkinson, is shown in tig. 1. lie remarked, how¬ 
ever, that it was drawn from memory, and that it had been 
possible to devote but a short time to its examination. And 
further, that as it was chiefly rocks of rather unusual 
appearance that he collected, normal basaltic rocks were 
sometimes passed over. Nevertheless he is emphatic on 
the highly important observation that the coarse-grained 
dolcrites overlie normal olivine basalts. 

A final visit proved that rocks of this type occurred near 
Nundle. They cap Square Top Hill, which lies three miles 
to the west of the township, and under the microscope 
prove to contain abundant neplieline. 

There is evidently here a field of great extent geographi¬ 
cally, (Stewart’s Brook and Nundle are more than forty 
miles apart), and of considerable interest petrographically, 
see fig. 2. In view of the writer’s approaching departure 
for England, it was thought well to collect into a Brief note 
the scanty data available on these rocks to direct attention 
to their occurrence. 
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W. N. BENBON. 



w c 

Fig. 1. section of Barrington Trigonometrical Station Hill 
based on observations and collections made by Mr. Eustace Wilkinson. 


A. Carboniferous sandstone slates, shales and conglomerates, dip¬ 

ping in a general easterly direction at from 20° to 86° 

B. Dense olivine basalt with largo phenocrysts of olivine; about 

500 feet thick (Rock No. 1). 

C. Olivine dolerite (Rock No. 2) with natrolite. The most per¬ 

sistent rock of the district, always overlying the basalt. It 
merges into the tberalites. About 300 feet thick. 

D. Theralite of varying grain size and degree of zeolitisation 

(Rocks No. 3 and 4). It always overlies the finer grained 
No. 2 rock. About 200 feet thick. 

E. Olivine dolorite (No 2 Rock). About 100 feet thick. 

F. Basalt, very decomposed, with vesicles filled with natrolite 

and analcite. Made up of numerous flows. About 500 feet 
thick. 

O. Olivine dolerite with a little theralite. 
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Fig. 2. 


Petrologically the rocks may be termed dolerites, using 
the term in its widest possible sense. They are holocrys- 
talline aggregates of augite and plagioclase with large 
ilmenite crystals occasionally developed, but owing to the 
presence or absence of olivine, orthoclase, and nepheline* 
and the variation in texture, they may fall into the more 
strictly defined divisions of the olivine dolerites, the essex- 
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W. N. BENSON. 


ites, the theralites and the basanites. The most remark¬ 
able rocks are the theralites (Nos. 3 and 4 of Mr, Wilkinson’s 
figure) that occur on the slopes of Barrington Trig. These 
two rocks differ only in grain size and amount of zeolite 
developed. They are very coarsely granular with exceed¬ 
ingly well marked zonary structure iu their deep purple 
augites. The predominant salic mineral is a labradorite in 
tabular crystals, and there are also large crystals of ilmenite 
and prisms of apatite. In addition to this, there is a certain 
amount of clear ncphelinc. All these different minerals 
can readily be distinguished with the naked eye in the slide 
of No. 4, of which Plate ti, lig. I is a photograph. In 
addition, there is a small amount of zeolite developed by 
alteration of the ncphelinc. 

The most interesting feature, perhaps, is the occurrence 
of a second generation of augite of a more greenish tint 
than that of the phenocrysts, and this forms a granophyric 
iutergrowth with the nepheliue, either in little hooked-liko 
pieces llg. 3 (a), or in peculiar arrow-head shapes fig. 3 (b). 1 

V\ g. 3. (Jraph in in ter - 
growth* of augite shaded, 
and nepheliue dear , in 
theralite. 

(a) from Stewart’s 
Brook, magnified 80 
diameters. 

(b) from Barrington 
Trigonometrical Station 
hill, magnified 22 diam. 

This is an enlarged dravi - 
ing of the large ncphelinc 
grain visible in the centre of 
fig 1, Plate 6, 

* (.7 Kig. 89 B, A. tiarker, The Natural History of Igneous Rocks, 
p. 271. 
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This intergrowth of augite and nepheline, though not un¬ 
known, is a very rare petrological feature. It is developed 
in the Lobauer berg rock above mentioned to.i finer degree 
than here figured. In the Stewart’s Brook rock there are 
small aggregates of chlorite, probably pscudoinorphous 
after olivine, but these are absent from the. Barrington 
rock. This type of rock seems best classed as a theralite. 
The low percentage of silica suggested by the abundance of 
nepholine is confirmed by the fact that a determination of 
silica showed the presence of 42*54°/’ only. 

No. 2 of the Barrington series, which Mr. Wilkinson 
remarks appears to pass by transitions into the other types 
(3 and 4), has a very dilYcreut fabric, the tabular plagio- 
clases having a more parallel arrangement (fig. 2, LHatc 0). 
There seems to be no definite nepheline, but there are 
present, interstitially, cloudy areas of a very low refractive 
index, which may represent altered orthoclase, though the 
occasional presence in them of spherulites of natrolite 
suggests the possibility of the derivation from nepheline. 
The augite occurs in large irregular grains with a slight 
development of the ophitie structure. The presence of 
numerous small inclusions of olivine and felspar gives it a 
curiously pitted appearance. Olivine also forms numerous 
large idiomorphic crystals. Ilinenite is abundant in small 
plates, but apatite is rare. 

In the majority of the doleritic pebbles of the Peel Iliver 
gravels, the structure is rather intermediate between those 
of the rocks described above. The tabular felspars have 
not much parallel arrangement, the augites are varied in 
the extent to which they show ophitie structure or idio- 
morphism, but are always purple. Olivine is abundant, 
ilinenite frequent in small grains, and apatite is not very 
common. In one instance orthoclase is present, forming 
interstitial intergrowths with plagioclase, and occasionally 
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occurs in individual grains. It is in very small amount 
however. Nepheline does not seem to be present in any of 
the slides I have examined. 

Two extreme types call for special notice. The exceed¬ 
ingly coarse-grained rock illustrated in Plate 7 , is composed 
of large crystals of augitc up to two centimetres in diameter, 
with smaller crystals of olivine and plagioclase. There arc 
also small crystals of ilmenite and apatite. Between the 
large crystals is a little fine-grained ground-mass composed 
of tiny felspar laths, some of them possibly sanidine, and 
pale yellow-brown masses of a platy zeolitic material, the 
precise nature of which must be left for future examination. 
Here and there are aggregates of very minute graphic 
crystallisations and rods of brown-grey augite of the second 
generation. This is very similar in many respects to the 
augite that is intercrystallised with the nepheline of the 
rocks described above. The rock must provisionally be 
classed as a porphyritic olivine dolerite. The same name 
is to be applied to a rock of a very different appearance, 
namely, that figured in fig. 3, Plate 0. It consists of large 
phenocrysts, up to 1 millimetres in diameter, of augite and 
olivine, set in an almost basaltic ground-mass composed of 
abundant small grains of ilmenite and purple augite with 
felspar laths. A little of the yellowish zeolite is present, 
and a very few small olivines. There appears to be a third 
generation of minute brown-grey arrow-heads and needles 
of pyroxene developing interstitially. 

The only definitely nephelinie rock yet found near Nundle 
is that from Square Top. It forms a capping two hundred 
feet thick on the summit of the hill, but its mode of occur¬ 
rence was not proved. There were apparently no underlying 
Tertiary gravels. In hand specimens the rock is dark grey, 
with dark purple-brown augites, and on weathered surfaces 
white felspar laths can be distinguished. Its microscopical 
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appearance is shown by flg. 4, Plate 0. It is seen to con¬ 
tain large, perfectly developed, phenocrysts of purple augite 
which have often an exterior zone full of minute inclusions 
of ilmenite, olivine, and scraps of plagioclase, giving a very 
pitted appearance. Usually the colour changes from strong 
purplish pink on the inner portion of this zone, to greenish- 
grey on the outer portion. These phenocrysts are up to 
three millimetres in diameter. There are numerous smaller 
phenocrysts of olivine. The ground-mass consists of short 
felspar laths, many of which are sanidine, and abundant 
hexagonal prisms of nepholine. A good deal of this has 
been changed into natrolite. As this rock has a much 
finer grain than any of the others and a far more volcanic 
habit, it may be termed a ncphelinc basanite. The small 
amount of plagioclase present prevents it from falling 
directly under the nepheline basalts, using the term in its 
strict sense. 

A mile south-east of Goonoo Qnonoo Station and about 
twenty miles north-west of Nundle is a small knoll, Uurra- 
jong Hill. On a very hasty examination it appeared to be 
a neck about ten yards (from memory) in diameter com¬ 
posed of a coarse grained rock of granite texture with dark 
purple black pyroxene. On section, this proves to be also 
closely related to the rocks above described. It is a 
remarkably fresh rock, and contains large purple augites, 
clear olivines, large labradorite tabulae, with a fair amount 
of interstitial orthoclase. Numerous small crystals of 
ilmenite are present, often surrounded by bright red-brown 
pleochroic biotite. Apatite prisms are well developed. 
The rock is best termed an essexite. 

Here attention should be drawn to the similarity, several 
times remarked upon by Dr. Jensen, 1 between these rocks 
and the essexites, described by him, which occur as rolled 

1 Proc. Linn. Soc. N.S. Walea, Vol. xxxii, p. 883, 1907. 
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pebbles in Bullawa CJroek in the Nandewar Mountains, over 
one hundred miles N.N.W. of Nundle and Qoonoo Goonoo. 

With the exception of Mr. Wilkinson’s important dis¬ 
covery that these rocks overlie the normal Tertiary olivine 
basalt, and the writer’s discovery of them at Nundle cap¬ 
ping a high hill, we have little direct evidence of their mode 
of occurrence. Nevertheless an observation made by Dr. 
Woolnough is of importance in this question. He ascended 
Mount Warrawalong thirty miles W.S.W. of Newcastle and 
over a hundred miles south of the occurrences described 
above. He there found the Tertiary basalt cap penetrated 
by dykes of coarse-grained olivine dolerite. He has gener¬ 
ously handed specimens of this rock to mo for description. 

Microscopically the rock is seen to contain large elongated 
ophitic crystals of dark purple augitc up to two centimetres 
in length, with felspar tabula? and interstitial white zeolite. 
The microscope shows that the augite is strongly titanifer- 
ous, and has the hour-glass structure developed to some 
extent. A peripheral zone of a greenish colour is some¬ 
times developed, the eolour-chauge being usually gradual, 
though in some instances quite sharp, as though the crystal 
had grown by secondary enlargement during a later epoch 
of pyroxene crystallisation. The felspar is chiefly ortlio- 
clase, in large or smaller prismatic crystals, idiomorphic 
against a yellowish zeolitic ground mass. It is mostly 
glassy and untwinned, but decomposition is commencing 
along the cracks. Plagioelase tabulae are also present. 
The refractive index is distinctly above that of the Canada 
balsam? There are large crystals of olivine, irregular plates 
of ilmenite, slightly leucoxenised, and numerous large 
apatite prisms. Tnterstitially there is a considerable 
amount of an almost isotropic yellowish zeolitic material, 
(analeite?), like that in the northern rocks. Imbedded in 
this are minute graphic fragments of green augite, similar 
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to that on the periphery of the phenoerysts. There are 
also, interstitially, patches of minute plagioclase laths with 
ophitic green pyroxene. This feature also is exhibited in 
some of the northern rocks. There are a few largo patches 
of a zeolite of moderate birefringence. This rock is clearly 
an essexite. A second rock from the same locality and 
occurrence differs in the almost complete absence of ortlio- 
clase. The plagioclase is labradorite, and there is a little 
yellowish interstitial material with minute felspar laths 
and augite of the second generation; apatite is rare. 
This is an olivine dolerite. It is possible, of course, that 
the essexite is not a distinct occurrence, but that the section 
examined chanced to pass through a locality of orthoclase 
segregation in the essexitic dolerite. 

It will be seen that the specimens bear features strongly 
recalling the northern rocks and may be considered to belong 
to the same series. Their intrusive character into Tertiary 
basalts supports Mr. Wilkinson’s statement that the latter 
overlie these at Stewart’s Brook. The extreme coarseness 
of grain of the majority of the rocks makes it in the highest 
degree improbable that they were flows. Might it not be 
suggested that they will be found to form sills in the Ter¬ 
tiary basalt, and to be comparable to the dolerite sills in 
the Tertiary igneous series of Skye? It may further bo 
pointed out that the range of mineralogical composition 
of these rocks is almost paralleled by that of the Tertiary 
basalts themselves. Some are purely felspathic, some 
strongly uephelinic. 

I have to thank Mr. Eustace Wilkinson for the pains he 
has taken in supplying me with information and specimens 
from Stewart’s Brook and the Barrington Trig., and Dr. 
Woolnough for the opportunity of examining the Warra- 
walong material. To Mr. A. B. Walkom, I am indebted 
for kindly consenting to correct the proofs in my absence. 
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Explanation op Plates. 

Plate VI, fig. 1—Theralite from Barrington Trigonometrical 
Station. Note the zoned augite, large 
ilmenites, cloudy felspar and clear white 
nepheline x 4. An enlarged drawing of 
this white patch is shown in text fig. 3. 

„ 2—Olivine dolerite from the above locality, with 

plagioclase, augite, olivine, and natrolite 
x 12. 

„ 3—Olivine dolerite from the Peel River gravels 

showing basaltic ground-mass x 11. 

„ 4—Nepheline basanite, Square Top, Nundle, 

showing augite phenocrysts, with peri¬ 
pheral zone full of inclusions, olivine, and 
hexagonal nepheline crystals in the ground 
mass x 18. 

Plate VII, Specimen of porphyritic olivine dolerite from the Peel 
River gravels near Nundle, with large phenocrysts 
of titaniferouB augite. Scale one half natural size. 

Corrigendum to paper entitled “The Volcanic Rocksof Hornsby 
and Dundas,” this Journal, Vol. xliv, pp. 495-555, 1910. The 
analysis of the Hornsby basalt, pp. 544 - 545 was made simul¬ 
taneously with analyses of several other rocks, and it has since 
been discovered that the wrong figure for titanic oxide was entered 
through oversight, in the Hornsby analysis. A redetermination 
has been completed and the correction must be made as under. 

Pages 544 and 545, substitute for the figures given: — 

A1 9 0 8 17-94% TiO fl 2*64%, 
and the following recalculated norm.:— 


Orthoclase 

1334 

Magnetite 

4*64 

Albite 

31-44 

Ilmenite 

502 

Anorthite 

24-74 

Apatite 

1*34 

Nepheline 

1*14 

CO* 

71 

Diopside 

9-95 

Water 

4*12 

Olivine 

4-54 


100-98 
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Note descriptive or a Stereogram of the 
Mount Lofty Ranges, South Australia. 

By W. N. Benson, B.Sc. 

IFrowi ^Transactiovs of the lloyal Society of South Australia," 
vol. xxxv ., 11)11.] 

[Hoad August 3 0, 1911.] 

Plates XX. and XXI. 

In a previous paper a short outline was given of the 
physiography of the Mount Lofty Ranges as it appeared to 
the writer from observations made during 1908. ll > 

Recently a stereogram has been constructed for the 
Sydney University to illustrate the features on which his con¬ 
clusions were based. A brief description of this model may 
not be out of place here. The information on which it was 
modelled was obtained from the official map of south-eastern 
South Australia and the topographic map of the vicinity of 
Adelaide. Trigonometrically-determined heights are sadly 
few in number. The general relief of the area between Noar- 
lunga, Angaston, and Murray Bridge, and in the Inman 
Valley is based on the writer’s own sketches and aneroid 
readings. A topographic map of Mount Barker district 
published in the daily Press during the military manoeuvres 
of 1908 was also of service. The modelling of the area about 
Mount Compass is based on Mr. llowchin's map and descrip¬ 
tions and additional information kindly supplied by him. 

Owing to the writer’s non-acquaintance with areas out¬ 
side these limits the model may be subject to some modifica¬ 
tion in those parts, and indeed owing to the smallness of 
scale no more than a very rough accuracy has been attempted 
throughout. 

The small inset model illustrates the main tectonic 
features. As these are being investigated in detail by Mr. 
Howohin a very brief description will here suffice. 

The main portion of the Mount Lofty Ranges, stretch¬ 
ing from beyond Angaston to Cape Jervis and extending 
into Kangaroo Island, is a peneplain. The main drainage, 
before uplift, was in mature valleys running in an approxi¬ 
mately meridional direction. (3 > On the peneplain surface 
were residuals of a higher level, monadnocks, such as Mount* 

U) Trans. Roy. Sot-., S.A., 1909, p. 107. 

(2) Trans. Roy. Soc., S.A., 1910, pp. 2/11-47 anil pi*, xxxi to 

xlv. 

tt)W. Howohin, Geography of South Australia, p. 121. 
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Lofty and Barker, composed of a resistant rock, usually 
quartzite. In comparatively recent, probably at the close of 
Pliocene, times this peneplain was elevated, by upthrust 
chiefly, rather than by folding. 

Stratigrapliical proof of this uplift is afforded by the 
presence of raised marine Eocene fossils ,5 > on the hills behind 
Encounter Bay, at the head of the Ilindmarsh River/ 6 ) where 
they occur at an altitude of 1,000 ft. 

Mr. Ilowchin has also noted the presence of steeply 
dipping and overfolded Tertiary beds near Sellick's Hill.* 7 ) 
By this movement the drainage was much altered. Erosion 
readily removed the soft glacial clays and sandstones from 
the Inman, Hindmarsh, and Upper Finniss Valleys, and in 
the first named exposed in places the hard glaciated Permo- 
Carboniferous land-surface. (8 > 

The uplift was not en h/oc i but the area was broken up 
into larger and small blocks which were differentially elevated, 
tilted to some extent, and possibly slightly flexed. This 
makes fault scarps a frequent feature.The small inset 
model shows the series of fault-blocks that form the western 
flanks of the range. They are roughly triangular in shape 
and are tilted sloping to the south. They may be due to 
differential elevation in the first instance or may have dropped 
off the main peneplain, collapsing after their original uplift. 

A somewhat similar series of steps, though loss well 
marked, apjiears on the eastern flanks of the Range, as at 
Palmer and the Bremer Range. It is possible that Mount 
Lofty and perhaps the Forest Range are on a block raised 
above the general level, of which German Town Hill would 
be t he eastern s^arp. This feature is not shown on the 
model, however, chiefly because it has not been sufficiently 
studied by the writer. 

Backstairs Passage, the narrow strait that separates 
Kangaroo Island from the mainland, may have originated in 
one of two ways. There can be little dount that the high flat 
surface of the island is a continuation of the peneplain of the 

<4>(\,innnn* R- Tate, Trans. Roy. See., S.A., 1884-5, pp. 
56-7 ; also 10. C. Andrews, Geographical Unity of Eastern Aus¬ 
tralia, Vine. Roy. Soc., N.S.W., 1910, especially p. 440. 

<.5)U Tate, Proc. Roy. Soc., N.S.W., 1888, p. 242. 

X6)W. Howchin, Trans. Roy. Soc., S.A., 1898, p. 15-6; also 
present volume ante pp. 55-6 and pi. x. (inset). 

*7) See present volume, ante , pp. 47-59. 

<&> W. Howchin, Report of the Australasian Association for the 
Advancement of Science, 1907, p. 267; also Trans. Rov. Soc.. 
8.A., 1910, p. 1 and p. 231. * ’ 

<°> W. Howchin, present volume, p. 53. 
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mainland. That its extension is in a westerly direction 
rather than southerly, parallel to the Mount. Lofty Ranges, 
cannot be due primarily to the original Palaeozoic folding, 
the axis of which also bends in a similar fashion ; but it may 
be due to it, secondarily, in that the bounding fault-scarps 
have developed parallel to the folding planes of the rocks, 
as in the case of the Mount Lofty Range itself. The most 
obvious explanation of the passage is that it. is a senkungs- 
feld, #./*., an area dropped down between two fault-planes, 
respectively the southern scarp of the main range and the 
northern of the island. The Pages might be considered as 
the tops of a sunken residual. But in the case of the 
Inman, llindmarsh, and Upper Finniss Valleys it is clear 
that their great, maturity is due to the fact that they were 
carved by the Permo-Carboniferous glaciers and filled with 
their soft till. This has been quickly removed when first 
exposed to the attack of streams, rejuvenated by the uplift. 
Might it not also be suggested that the Backstairs Passage 
was a wide glacial valley filled with till, which has been 
subsequently almost entirely removed by stream and marine 
erosion ? Several facts are in support of this. The base of 
the valley must, of course, have l>een below sea-level ; hut 
so is that of the Inman glacier at Victor Harbour The 
researches of Mr. Howchin (10 > have shown the strongly 
glaciated nature of portion of the southern scarp of the main¬ 
land, and he has proved the presence of glacial boulders near 
Cape Jervis.He has also described Pernio Carboniferous 
glacial till on northern Kangaroo Island. n2 > 

The depression is thus bounded on both sides by glacial 
material and, in places, striated surfaces facts strongly in 
support of the second hypothesis. It is, of course, possible 
that block-faulting may have assisted in the formation of the 
passage, hut the author’s inclination is to give il a minor 
role. On the glacial hypothesis The Pages should be roches 
moutonneejs. The Admiralty soundings are of little help in 
deciding the question, as they show only that a flat bottom 
exists in the passage at. a depth of less than 20 fathoms 

The drainage alterations during the various periods of 
earth movement require much further study. Rivers were 
captured, as the heads of the Onkaparinga by the Torrens, (13> 

(10) Trans. Roy. Soc., S.A., vol. xxxiw, 1910. p. 1, pb. i. la 

xvii. 

(11) Rep. Aus. Asso. Adv. Science, vol. vu., 1808, p. 124 

<i2i Traiw. Roy. Soc., S.A., vol. xxiii., 1899, p. 19S, pis iv. 
and v. 

This conclusion, though reached independently by the 
writer, has been, he finds, Mr. Howcliin’s view for some time 



-or revived with the formation of valley in valley structure, 
as in Foreston Creek, near Gumeracha; or they were reversed 
altogether. Sixth Creek, flowing north from Uraidla into the 
Torrens, seems to be a reversal of Cox’s Creek flowing south 
into the Onk&paringa. Further, the uplift and consequent 
entrenchment and headward extension of the east and west 
valleys (entrenched meanders of the Torrens River) brought 
.about the capture and reversal of portions of the meridiemal 
streams. An excellent example of this was noted in Millen- 
•della Creek, near Palmer, by Mr. Howchin and the writer. 
The former has a full description of it in preparation. Other 
-examples are shown by Rocky Gully/ 14 ) near Murray Bridge, 
Mount Barker Creek, Bull’s Creek, etc. The recurrence of 
earth movements at several periods probably accounts for 
many puzzling features in the present drainage, particularly 
the course of the Lower Onkaparinga. The occurrence of its 
present valley cutting across the middle of the southward 
sloping, Clarendon-Aldinga block, is very remarkable. Mr. 
Howchin has shown that an older mouth lies considerably 
eouth of its present opening. (15 > 

Many further problems await solution in this area, 
which is one of the most interesting geologically and phyaio- 
graphically in Australia. 

The writer’s thanks are due to Mr. Howchin for his ever- 
ready assistance and information freely given. 

Geological Department, 

Sydney University, 

March, 1911.* 

DESCRIPTION OF PLATES. 

Pr.ATK XX. 

Stereogram of the Mount Lofty Ranges. 

Pl.ATH XXL 

Map of the Mount Jjofty Ranges to show the drainage 
system. Notice how the original meridional drainage, the 
streams of which are in matured valleys, has been broken into 
numerous watersheds by capturing east and westerly gorges, de¬ 
veloped consequent upon the uplift of the range. Mane particu¬ 
larly the Wakefield, Light, Rhine, and Onkaparinga systems 
and their relation to the lines of faulting. These faults have an 
easterly downthrow on the eastern side and a westerly on the 
western. The ends of the fault-lines shown are points beyond 
which they have not- been traced, or appear to paaa into mono- 
clinal folds, or to die out. The doubt as to the scarp nature of 
the southern coast is explained in the text. 

(H)W. G. Woolnough, Trans. Roy. Soc., 8.A., 1908, p. 124. 

(15) Geography of South Australia, p. 124. 
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[From the Proceedinge oj the Linnean Society of New South Wale*, 
1914, Vol. xxxixPart 8 % August 26th.] 


PETROLOGICAL NOTES ON VARIOUS NEW SOUTH 
WALES ROCKS. 

By W. N. Benson, B.A., B.Sc., F.G.S., Linnean Maclkay 
Fellow op the Society in Geology. 

i. Rocks of Nullum Mountain , near Mururillumbah. 

Some years ago, the writer spent a day at Murwillumbah, and 
examined Nullum Mountain, which lies five miles to the south¬ 
west of the town. Nothing yet has appeared concerning the geology 
of this area, so that a few notes may be given here to call attention 
to the spot. The mountain forms a short ridge, standing promi¬ 
nently in front of the range. Its relief is due to the presence of an 
inclined sheet of granophyre, which dips towards the north. The 
main mass of the mountain is composed of gnarled slaty rocks of 
the Brisbane Schists, of Lower Palawzoic or even earlier age. The 
inclined sheet outcrops on the southern side of the ridge, and is 
exposed on the northern slopes of the mountain for some distance 
down its face. At the base, various dykes have been noted. The 
sill consists chiefly of granophyre composed of small crystals of 
orthoclase and acid plagioelase, partly allotriomorphic, partly idio- 
morphic, surrounded by a granophyric intergrowth of quartz and 
orthoclase. A little biotite occurs and magnetite, but the bulk of 
the ferromagnesian constituents are altered into regular patches 
and spherulites of chlorite, and grains of epidote. A few apatite 
crystals are also present. 

The rock of the upper surface of the sheet exposed on the north 
slope shows frequently no granophyric structure, but has a trachy- 
tic habit. It consists of a pilotaxitic felt of felspar-laths, both 
orthoclase and acid plagioclase, and frequently an untwinned fels¬ 
par of the same refractive index as Canada balsam, possibly anor 
thoclase, together with a fair amount of interstitial quartz. The 
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pyroxene is a normal grey augite, forming small prisms more or 
less altered to chlorite and epidote, magnetite and ilmenite in 
small grains and plates. Xenocrysts are present, that seem to have 
been derived from a dolerite: they may occur aggregated or singly, 
and are rather corroded. The basic plagiodase is being replaced 
by irregular patches of albite; the pyroxene is a grey augite, with a 
basal striation and varying optic axial angle, sometimes large, but 
in two instances almost 0*. This indicates that it is an enstatite- 
augite. I^arge plates of ilmenite occur also. The vesicles of the 
rock are filled with quartz and chlorite. 

The majority of the dykes on the north face of the mountain are 
trndiyandesites, related to the last rock. They are fine-grained 
green rocks, showing phenocrysts of plagiodase and orthoelase in 
a matrix of laths of the same minerals. The coloured constituents 
have been largely decomposed, but arc sometimes seen to he minute 
prisms of grey augite, with rarely large chlorite-psewlomorphs 
after the same mineral; the extinction-angle of these pyroxenes is 
quite high; alkaline pyroxenes or amphiboles are not recognisable. 
Magnetite occurs in large and in very minute grains. Considerable 
variation is seen in the grain size of the ground-mass, and in the 
proportion between the potash and lirae-soda felspar, the decrease 
in the former indicating a passage towards the andesites. 

A quite different type of dyke occurs in a road-cutting near the 
foot of the mountain, adjacent to one of the more basic green 
dykes. It consists entirely of colourless minerals, being a very 
fine-grained mixture of andesine, quartz and a minor amount of 
orthoelase, with a few small phenocrysts of quartz and andesine. 
The rock is much obscured by scricite. 

One cannot he certain yet of the affinities of these rocks. From 
a macroscopical examination of the writer’s collection, Dr. Jensen* 
considered that they might he riebeckite-trachytes, and he himself 
found dykes of alkaline trachyte in the neighbourhood of Murwil- 
lumbah; the microscopical study, however, has not confirmed the 
presence of riebeckite. 


Report Aunt. Assoc. Advt. of Science, 1911, p. 103. 
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It may he suggested that the suite is related to the granophyres 
and andesites of the West Moreton District, described by Messrs. 
Wearne and Woolnoughf. The latter has found a very interesting 
igneous complex to occur associated with the andesitic mass of 
Mount Warning, adjacent to Nullum Mountain.} A rich field of 
discovery awaits the petrological investigator in this district. 

\\. Inclusions in a dyke at Gerringong . 

The dyke under consideration occurs on the beach at Gerringong, 
and is recorded as No. 16 in Mr. Harper’s list*. It splits up into 
overlapping lenticular branches. In places, the rock is full of 
steam-cavities, which are arranged in hands parallel to the boun¬ 
daries of the intrusion. Here and there are inclusions in the vol¬ 
canic rock, at one spot so abundant as to make up nearly half the 
hulk of the rock. About thirty slices of these have been studied, 
with the results here presented. The dyke-rock itself is a basalt, 
consisting of idiornorpbic prisms of purple augite and laths of 
labradorite, with a fine even grain-size. As accessory constituents 
are present magnetite, small brown pleochroic crystals of horn¬ 
blende, and very minute needles of apatite. No glass is to be seen. 
Chlorite and epidote are present in varying amount. 

The rocks of the inclusions are derived from a gneissic complex, 
that, must lie at great depth below the present surface (Upper 
Marine Permo-Carboniferous rooks). They consist of alkali 
felspar gneisses and quartz-schists, with a few gabhroid rocks. 
Interesting features are brought about by the partial melting and 
absorption of the inclusion in the basalt-magma, some of which 
recall the observations of Lacroix on the granite-xenolitbs in the 
basaltes of the Auvergne. 

The best preserved gabbro was obtained by Mr. Aurousseau, 
who kindly permitted me to study it. It is a coarse-grained rock 
consisting chiefly of labradorite. The augite is in large ophitie 
grains, and slightly chloritised. Magnetite is also present. Another 

+ u Notes on the (leology of West Moreton, Queensland.” Proc. Roy. 
Soc. N. S. Wales, 1911, pp. 137-159. 

$ Verbal communication. 

• Ree. Geol. Snrv. N. 8. Wales, 1905, Vol. viii , Pt.2, p.105; also Plate xix. 
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specimen is of medium grain-size, and is composed of labradorite, 
subophitic augite, abundant magnetite and a little quartz. The 
augite has a peculiar spongy habit, containing felspar in irregular 
patches and numerous schiller-magnetites. Here and there, in irre¬ 
gular bays cutting across the large crystals, are patches of fine¬ 
grained lathy felspar, small augite, ilmenite, and magnetite-grains, 
with a general basaltic appearance. In such areas, there is some¬ 
times a regular arrangement of the magnetite, as if pseudomor- 
phous after a former crystal. These structures, together with the 
spongy nature of the augites, suggest a partial recrystallisation of 
the rock under the heat of the surrounding basalt-magma. The 
large amount of decomposition-products in this rock greatly hin¬ 
ders its elucidation. 

The inclusions of the metamorphic series are of several kinds. 
One is an ulkali-feispar gneisB, consisting of microperthite, ortho- 
clase, quartz, and a very little plagioclase. It has a blastogranitic 
structure, and the quartz shows, very strongly, marked strain- 
effects. Another type contains, with orthoclase, a considerable 
amount of andesine. A third type has a very gneisaic structure, and 
consists of abundant quartz, andesine, a little orthoclase, diopside 
and sphene; its composition is, therefore, that of a type of grano- 
diorite. There are, in addition, numerous fragments of felspatbic 
quartz-rocks. Several of these are very coarse-grained and poor in 
felspar, resembling crushed vein-rock. The others are altered 
quartzites, and are more or less felspathic Both are greatly 
crushed, with occasionally Jong raylonitic streaks, which lie along 
the direction of crystalloblastic schistosity or obliquely to it. The 
erystalloblastic structure is very pronounced; the felspar of the 
vein-rocks is in large plates; that of the schists proper is dissemi¬ 
nated in small grains throughout the rock. 

The contact-effects may be divided into absorption, melting and 
recrystallisation, and these occur frequently in association. The 
first is well seen on the actual contact of an inclusion with the 
basalt. The difference betwen the boundaries of the quartz-grains 
and the felspars is most striking. As is usually the case, there is 
a strong reaction-rim developed round the corroded surface of the 
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quartz, and this rim consists of minute colourless prisms of diop- 
side. Around the felspar, no such rim exists; this mineral appears 
to have been absorbed into the basalt-magtna much more quickly 
than the quartz-grains, which project out from the general boun¬ 
dary of the inclusion into the basalt or are even isolated in it. The 
single instance of a pyroxene-bearing gneiss shows how much less 
readily is the pyroxene absorbed than the felspar. It has been 
shown that this order of solubility holds also in the case of the basic 
felspar and augite of the gabbroid inclusions of Dundas.* 

The rocks with glass are few in number. In the granodiorite, it 
occurs in irregular dull-brown patches, more or less cryptocrystal- 
line with sometimes slag-like skeleton-crystallites, sometimes pene¬ 
trated by laths of secondary felspar growing in from the felspar 
that forms the boundary to the droplet of glass. Frequently, the 
glass is replaced by chlorite. In another slide, the melt from the 
gneiss has clearly mingled with the basalt-magma. The zone of 
mingling is about J inch wide; farthest from the basalt, residual 
quartz-grains lie in a base originally glassy but now chiefly chlorite 
and epidote. Nearer the basalt, the glass is filled with felspar- 
laths in addition to the two decomposition-minerals, and small 
reaction-rims are seen about the quartz-grains. Nearer still, mag¬ 
netite and purple augitc-grains occur, and the epidote and chlorite 
are less abundant; gradually this passes into the normal basalt. 
One would expect that the felspar varies in composition in the dif¬ 
ferent stages, but, unfortunately, a determinative set of readings 
could not be obtained. The same feature of absorption was seen 
where there was no glass present. In one slide, one may follow, 
for the space of about a centimetre, a vein, projecting from the 
basalt into the gneiss, becoming poorer in coloured constituents as 
it goes; in another, veins of finely crystallised rock, scarcely a 
millimetre in width, traversing alkali-felspar grains in the gneiss, 
have abundant finely divided magnetite in the centre, but are free 
from it at the sides. In such veins, the felspar-laths make a felt 

# “ The Volcanic Necks of Hornsby and Dundas.” Proc. Roy. Soc. 
N. 8. Wales, 1910, p.542. 
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like that of some trachytes, and augite occurs in broad spongy 
plates of considerable size. 

Finally, there is one instance of the partial recrystallation of 
an orthoclase-grain in the gneiss to a variolitie mass of felspar- 
laths. This change occurs at isolated spots in our rock, but among 
the inclusions of granite in the basalts of the Auvergne, Prof. 
Lacroix* has found a rock in which the felspar is entirely changed 
in this manner. 

Some features recall the observations of Heineek on the melting 
down and mingling of granite with basalt-lava in Bohemia, but the 
process in our rocks is not nearly so far advanced as in the 
Bohemian f. 

iii. Granitic Inclusions in the Volcanic Necks of Dundas and 
Norton } s Basin. 

In my account of the inclusions in the volcanic neck at Dundas, 
there is no mention of granite. Shortly before the quarrying 
operations ceased there, Mr. Aurousseau obtained a granite-inclu¬ 
sion, which he has handed to me for description. It differs from 
the majority of the xenoliths in l>eing merely accidental not cog¬ 
nate with the including basaltic rock. It resembles the Gerringong 
inclusions discussed above. It has suffered considerable pressure, 
the quartz is greatly strained, and there is some peripheral crush¬ 
ing of the felspar-grains. These consist of large orthodases, and 
smaller less irregularly shaped oligoclases. A little decomposed 
biotile is present. The whole rock has a dirty appearance, and is 
clouded with dust, kaolin, sericite, magnetite, and a considerable 
amount of carbonate. 

A granitic inclusion has been found in the volcanic neck at Nor¬ 
ton's Basin, on the Nepean River, above Penrith. It also is greatly 
shattered and full of carbonate veins. The structure appears to be 
crystalloblastie, rather than a normally aplitic one; though this 

* Leu Knclavea dea Roches volcaniquea, p 04. 

f Ueologiache-petrogr&phiache Verbaltniwe der Umgegend von Rothun 
im bohmiache Erzgebirge. Neu. Jahrb, fur Min.Beil., Band xxiii., pp.475* 
527. 
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is not definitely marked. The component minerals are orthoclase 
and quartz, and do not show much strain-effect. This rock 
may belong to the same anciont series os the inclusions in the 
Gerringong dyke. 

iv. Bowling ite at Dnndas and elsewhere. 

Considerable difficulty was experienced, in the study of the Dun- 
das inclusions, in the determination of the decomposition-products 
of olivine. The most common material is a green felted mass of 
very fine fibres, and this was doubtfully referred to pilite, actino- 
lite, anthophyllitc and talc*. 

In examining, in Paris, Prof. Lacroix’ collection of slides illus¬ 
trative of his work “La Mineralogie de la France et ses Colonics,” 
it was found that the bowlingite of that collection was identical 
with the decomposition-product in the Lund as rocks, which also, 
is the usual product of olivine in all the basalts in the Sydney 
district. The mineral is a hydrous silicate of iron,magnesia, and 
a varying amount of alumina. Prof. Lacroix thinks it is probably 
identical with the plafcy mineral, iddingsito; but the name 
bowlingite should have priority. Tt is distinguished by its 
strong pleochroism, and birefringence, combined with a straight 
extinction. 


Proc. Roy. Soc. N. S. Wales, 1910, p.509. 
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THE OKOIiOGY AND PETROLOGY OF THE GREAT 
SERPENTTNE-BELT OF NEW SOUTH WALES 

Part iv. Thk Dolerites, Bpilites, and Kkhatopiiyres of thk 
Nundle District. 

By W. N. Benson, B.Sc., B.A., F.G.8 , Linnean Maclkay 
Fellow of the Society in Gkolooy. 

(Plates xxv.-xxvii., and .six text-figs.) 

Introduction. The first three Parts of this series recently 
issued(l) contain some of the results of field-observations made 
during the years 1909-1911, and of petrological observations 
made in Cambridge, whither the writer proceeded, having l»een 
awarded a Research Scholarship, by the Royal Coinmissioneis of 
the Exhibition of 1851. Attention was devoted in the field 
chiefly to the occurrence of serpentine, and the intricate relation¬ 
ships of the dolerites and spilites were less studied, for the 
peculiar interest attaching to them was then unknown. A 
perusal of Messrs. Dewey and Flett’s paper on British Pillow 
Lavas(2) showed the importance of these rooks, but the material 
that had been collected was not sufficient to allow of a detailed 
discussion, and a re-examination d the field-evidence was mces- 
sary. The following is the result of six weeks’ further work in 
the Nundle district, and the study of about one hundred and 
seventy thin slices of the rocks collected 

In the previous papers it was recognised that the coarse¬ 
grained dolerites were intrusive sill like bodies, ami it was 
believed that the fine-grained, or aphanitic, and frequently nmyg- 
daloidal spilitic rocks weic lava-flows. At the same lime it was 
remarked that many passage-rocks existed, and that it was 
frequently found difficult to refer an amygdaloidal dolerite of 
medium grainsize either to the one group or to the other. 1 he 
same doubt as to the distinction of flow from sill has arisen in 
most localities in which these rocks occur. A second difficulty 


18 
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exists in the nomenclature. It was pointed out that the term 
“spilite" by original definition and present-day usage covered 
only such rocks as had undergone a considerable amount of 
alteration, with the formation of abundant secondary minerals. 
This has not always l>een the case among our rocks in New South 
Wales, unless we are to consider the acid felspar as a secondary 
mineral (a point which is discussed below), though in all essential 
features, chemical composition, structural characteristics, and 
geological association, they agree entirely with the rocks to which 
Dr. Flett has applied the term “spilite,” To indicate this 
similarity in essential features, it seemed best to extend the use 
of the term to cover the apparently unaltered rocks in New South 
Wales, and the name “spilite” will be employed in the sequel in 
the same sense as before. The distinction adopted to separate 
the dolerites and spilites, is one of texture and grainsize: the 
former have a coarse or medium grainsize, with an ophitic, granu¬ 
lar, or intersertal texture; the latter are fine-grained, or partially 
glassy, with a more or less variolitic texture. All gradations 
may be found between them. Mineralogically, they differ from 
normal dolerites and basalts chiefly in the strongly sodic nature 
of their folspars. 

Geological Occurrence .—The general sequence of sedimentation 
in the Nundle district has been already discussed in Part ii. of 
this series. Briefly, the Devonian formation consists of a lower 
portion, the Woolomin Series, comprising phyllitcs, tuffs, and 
radiolarian jasper; a middle portion, the Bowling Alley or Tam- 
worth Series, consisting of radiolarian cherts and elaystones, 
volcanic tuffs and breccias, and coral limestones; and an upper 
portion, the Nundle or Barraba Series, made up of mudstones, 
containing Lepidodendron australe and radiolaria, with numerous 
bands of tuff and breccia. Spilites and dolerites occur in some 
amount in the Woolomin Series, are abundant in the Bowling 
Alloy Series, but are absent from the Nundle Series In Car¬ 
boniferous times, the formation was strongly folded, and slightly 
overturned towards the west, and a great mass of peridotite was 
injected into the plane separating the Woolomin Series from the 
main bulk of the Bowling Alley Series. A large amount of 
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strike-faulting took place, which has greatly disturbed the strati- 
graphical succession, and this revision of the area makes it appear 
probable that some modification will have to be made in the 
detailed succession previously announced. It is hoped to discuss 
this in a later communication, after comparative work has been 
done in loss complex areas. The consideration of the tuffs and 
breccias (which, doubtless, are cognate with the dolerites and 
spilites) is also reserved for future study. 

Detailed examination of the lines of contact between the 
igneous and sedimentary rocks, shows that the extent of true 
lava-flows lias been overestimated. In nearly every instance, 
the igneous rock is intrusive into the sedimentary rock, whether 
it be a coarse-grained dolerite or a fine-grained spilite: indeed, 
there has only one instance l>een observed where doubt can exist 
on this point. An interesting fact brought to light in this 
revision, is the frequent occurrence of the pillow or ellipsoidal 
structure, which is so common a feature of British and German 
spilite-lavas. But, though it has been held by some writers that 
this structure is characteristic of lavas that have flowed over the 
surface of the sca-bottom, it does not appear to be confined to 
these. Pillow-structure is well developed in the Nundle district 
in rocks which show intrusive contacts with the surrounding 
sediments (radiolarian claystones), and the alternative view held 
by other writers, e.y., Teal 1(3) and GeikieW* that pillow-structure 
may also be produced in lavas intrusive into loosely compacted 
clays on the sea-floor, is the one most applicable to the features 
seen in the Nundle district. The various explanations that have 
been offered for the explanation of pillow-structure have been dis¬ 
cussed by Clements(fl), Daly(8), 8undiusl7), Van Hise and Leith(37), 
whose papers give extensive bibliographies of the subject.f Tem¬ 
pest Anderson describes the formation of pillow-structure in recent 

# “ Basic lavas flowing into water or watery gilt.” 

t Since the above was written, Wilson’s discussion of the origin of 
pillow-struoture in the Archaean rocks of North-western Ontario has come 
to hand (The Geology of the Kewagama Lake Map-Area, Quebec. Geol. 
Survey of Canada. Memoir 39, p.50). He cites, though he disputes, 
Lawton's statement that the ellipsoidal rocks of California are intrusive 
(Mining and Scientific Press, No. 119, Vol. iv., 1912, p.199). 
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lavas in Savaii as follows(8); — “An ovoid mass of Java still in com¬ 
munication with the source of supply, and having its surface, 
though Still red-hot, reduced to a pasty coudition, would be seen to 
swell or crack into a sort of bud with a narrow neck like a prickly 
pear on a cactus, and this would rapidly increase in heat, mobility, 
and size, till it either liecame a lobe as large as a sack or pillow, 
like the others, or perhaps stopped short at the size of an Indian 
club or large Florence flask. Sometimes the neck supplying the 
new lobe would be several feet long and as thick as a man’s arm 
before it would expand into a full-sized lobe; more commonly it 
would be short, so that the fresh-formed lobes were heaped 
together.” Sundius accepts this as the process by which the 
pillow-lavas were made in the pre-Cambrian rocks of Lappland, 
but suggests that the pressure of the moving lava may break off 
and separate the pillows from one another : this would account 
for the rarity of connecting tubes between the pillows in the 
lavas he describes. Daly, in his recent work(9), compares the 
production of these lava-ellipsoids to the formation of the “ sphe¬ 
roidal state ” in water. Sundius notes that the effect must 
depend on the possession by the magma of a definite degree of 
viscosity, and finds in this the explanation of the association of 
pillowy and noil-pillowy lavas. Mr. Harker has pointed out(10) 
that there is only a slight difference between the conditions of 
injection of lava into the loose muds of sea-floor, and an outflow 
of lava over the sea floor, which is but the injection of magma 
between the soft muds and the overlying water..* The difference 
is naturally to be found in the slower cooling of the lava in the 
former case owing to the blanketing action of the muds. It 
seems quite probable that a flow with typically pillowy surface 
may show an intrusive contact with the mud-surface on which it 
rests, and such may be the ease in parts of the Nundlo district. 
While, in many instances, pillow-structure is a feature of deep-sea 
marine flows, as is shown by the fine-grained nature of the sedi¬ 
ments with which they are associated, it is clear, from Tempest 
Anderson’s observations, that it cannot be confined to such situa- 

* Compare F. von Wolff. Dor Vulkanismut (Stuttgart, 1913), pp.252 
and 255. 
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tions; and, moreover, pillow-lavas have been found associated with 
lacustrinedeposits(86). Jukes-Brown has argued for the shallow- 
water origin of the radiolarian rocks associated with the pillow- 
lavas of Ballantrae in Ayrshire(H), and Professor David and Mr. 
Pittman have declared that the Tam worth radiolarian clay stones 
etc., which are continuous with those associated with the pillow- 
lavas of the Nundle district, were developed in comparatively 
shallow water(12). 

The mode of occurrence of special masses may now be described. 
No doubt can exist as to the intrusive character of any of the 
large patches of dolerite marked on the geological map of the 
district given in Part ii. They all represent areas of dolerite of 
coarse or medium grainsize, and almost free from vesicles. Not 
infrequently there occur in them veins of very coarse-grained 
dolerite-pegmatite. Their intrusive contacts with the surround¬ 
ing sediments are clearly observable. Often they have them 
selves been invaded by later masses of dolerite, which have a 
strongly marked, fine-grained, chilled, marginal zone against the 
invaded rock. Such contact-zones nmy be seen in several places 
in the lower part of Munro’s Creek. 

The areas marked as spilite-flows require more detailed con¬ 
sideration. The most important is that crossing the Peel ltiver 
two miles south of Bowling Alley Point, and extending thence 
towards Hanging Hock. In the cutting on the main road, it 
consists of a group of stratiform masses, which may be seen to 
have intrusive contacts with the radiolarian clay stones on either 
side. The same features are to l>e seen where this zone crosses 
Madden’s, Moonlight, and Daylight Creeks, south of this point. 
The individual sills have a modiurn to fine grainsize, and are 
often amygdaloidal. In microscopical texture, they vary between 
oplutic dolerites and variolitie spilites: this variation nmy he 
seen on either side of a sill, and is due to marginal cooling: 
frequently, however, the sill is of uniform texture throughout. 
Multiple sills occur here and there, with chilled edges between 
the component parts. The vesicles are filled with calcitc, epidote, 
and chlorite, and along the northern slope of Tom Tiger, axinitc 
is frequently present in the vesicles, while axinite- and quartz 
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veins occur in the vicinity. Owing to the abundance of porphyry 
dykes in the vicinity, it was thought probable that the boric 
acid may have been derived from an underlying mass of granite 
which approached the surface in this region, though none of the 
porphyries contain tourmaline. There is, however, the possibility 
that the axinite may proceed from the doleritemagma itself: 
axinitic contact-rocks are occasionally observed about diabases 
in Germany and Now Jersey(13). 

On Tom Tiger, the prominent peak north of the junction of 
Swamp Creek and the Peel Kivcr, pillow-structure is to be seen 
in the crags about the summit. The pillows are sometimes more 
than a yard in diameter, and their marginal /.ones of chilling are 
narrow and not well marked. They are separated by narrow 
bands of epidoto, caleitc and quartz. No exposures of the contact- 
line between the sediments and the igneous rock can he seen on 
Tom Tiger itself, but in 8wamp Creek, half a mile to the south, 
a strongly intrusive junction is exposed. The bared rocks in 
the creek-bottom show that a considerable thickness, about ten 
yards, of fairly coarse-grained spilite is full of irregular, twisted 
fragments of chert of all sizes. The whole appearance suggests 
that the igneous rock invaded partially consolidated sediments. 
Pillow-structure is also observable here. Following the zone 
further southwards, pillow-structure is again met with on the 
ridge separating Swamp Creek and Happy Valley, and from this 
was obtained the specimen of spilite, of which an analysis was 
given in Part iii. The map in Part ii. shows a break in the 
spilite-zono south of this point, but it has now been proved to 
extend uninterruptedly to beyond Oakenville Creek, and the 
contacts with the sedimentary rocks, wherever visible, show the 
intrusive nature of the igneous rock. 

A thickness of over four hundred feet of pillow-lava is exposed 
in the bed of Happy Valley. The pillows vary from a few inches 
to over six feet in diameter; the inner portion is porphyritie, 
with a subvariolitic base; the outer and rapidly chilled portions 
are aphanitic, and have frequently a variolitic structure. Vesicles 
are not abundant, nor are they concentrically arranged; they 
tend to concentrate towards the centres of the pillows. The 
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individual masses are separated, as usual, by narrow bands of 
epidote, etc., and quite large crystals of quartz o j epidote may 
occur in the cuspate cavities between several pillows; no radio- 
larian chert has been observed in such a situation, though it 
occurs in this manner in several British localities. Occasionally, 
the pillow-lavas are invaded by massive non pillowy dolerite, 
which sometimes has chilled marginal zones. 

Pillow-structure may also be observed on the cuttings on the 
Hanging Hock road, though greatly obscured by spheroidal 
weathering. The spilitas are here intersected by a dyke of horn¬ 
blende-lamprophyre. The exposures on Oakenville Creek, just 
to the south of the road, are almost entirely covered with drift; 
one exposure, however, shows a most intimate mixture of spilite 
and chert. Fig.l was traced from a Hat-ground surface of a 



Text-tig. 1.—Spilite intrusive into radiolarian clay. 
(Nat. size). 


specimen obtained from here. The microscopical elm racier of the 
entangled chert suggests that, in this case, it is largely, if not 
entirely, the product of infiltrations subsequent to the consolida¬ 
tion of the igneous rock. Such is lielieved by Messrs. Reynolds 
and Gardiner* to l>e the origin of the strings and patches of 
chert in the spilites of Kilbride Peninsula, County Mayo, Ireland. 

Another important mass of pillowy rock commences nearly a 
mile further up Swamp Creek than the point where the first zone 
crossed, and continues thence up the gorge to the falls. It 
* Quart. Journ. Ueol. Soc. t 1912, pp.80-Hl. 
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may be a repetition of the first zone, though this does not 
seem probable at present. Near the entrance to the gotge is 
exposed the mass of chert and spilitc shown in Fig.2A. This is 
the only instance in which doubt may exist as to the intrusive 
nature of the pillowy rock. The manner in which the banding in 
the chert bends in and out sympathetically with the boundaries 
of the lava-pillows, may indicate that they were deposited on a 
pillowy surface. On the other hand, the upper mass of lava has 
transgressive boundaries against the chert. It is not pillowy 
where it is in contact with the chert, but the structure becomes 
observable about thirty tVet above the chert. The upper mass 
may be a surface-flow which has broken up the lines of l>edding 
of the clays over which it flowed, but the section does not pre¬ 
clude the possibility that both tho upper and lower masses of 
igneous rock were intrusive into soft clays, crumpling, or break¬ 
ing through their lines of bedding as they went. Exposures of 
chert and spilitc observed higher up the gorge clearly exemplify 
the second alternative. Indeed, there does not seem any other 
explanation possible for the features illustrated in Figs.2B and 
2C These narrow bands of chert lie in a great thickness of 
pillow-lava, probably four or five hundred feet (screes and tangling 
brushwood prevent more exact measurement). The pillows may 
be as much as eight feet in diameter, and are just like those 
occurring in Happy Valley. Not infrequently they are quite 
free from vesicles In between the pillows is often a very fine¬ 
grained rock which looks like chert, but which the microscope 
proves to be made up of quartz, epidote and a little actinolite; 
the same minerals, less finely crystallised, form the usual bands 
separating the pillows. As in Happy Valley, there is no radio- 
larian chert between the pillows, nor do they show the strongly 
marked radial contraction-cracks that are sometimes seen in 
similar rocks in other parts of the world. There are associated 
massive intrusive dolerites quite indistinguishable, in hand-speci¬ 
men, from the rock in the centre of the pillows (though under the 
microscope they may appear less variolitic), and it is often diffi¬ 
cult to determine whether there is a passage from the pillowy 
rock into the massive doleritc, or whether there is a definite 
boundary between them. 
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No very definite statement is possible with regard to the other 
masses of spilite mapped, since their boundaries are rarely ob¬ 
servable. It seems safest to consider them, also, as intrusive, 
whether they are vesicular or not, when there is no evidence to 
the contrary, aud particularly when the rock is not pillowy, and 



the texture is not more than subvariolitio. Even highly variolitic 
rocks have been proved to be intrusive. On such negative evi¬ 
dence, we may class as intrusive spilitesor amygdaloidal dolerites, 
the bands shown on Moonlight Hill, those on the western side 
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of Tom Tiger, and those forming the White Rocks overlooking 
Munro’s Creek (see Part ii., Plate xxiii.). Confirmation of the 
intrusive nature of the first-mentioned group of spilites, is 
afforded by two poorly exposed contacts, and in the last case we 
find, on tracing the horizon of the igneous from the crags down 
across the scree-covered slopes into Munro’s Creek, the great 
mass of White Rock is represented by a number of narrow sills, 
all intrusive into the cherts or claystones. But, though the sills 
often show transgressive boundaries, the general course of the 
mass is parallel to the strike of the country. 

With regard to the statement made previously, that a lava-flow 
occurred on Moonlight Hill, swamping the coral-limestone, some 
modification must be made. A closer examination of the field- 
occurrence showed that the specimen described was not part of a 
flow, but of a mass of agglomerate, composed almost entirely of 
spilite-fragments, and evidently formed adjacent to the point of 
eruption. As stated, it contains large and small masses and 
fragments of limestone, some of which contain recognisable fossils 
of coral. On the western side of Munro’s Creek, however, 
opposite to the Razorback, there is also an association of spilite 
and limestone, with somewhat analogous characters. The lime¬ 
stone, unfortunately, is so crystalline that no organic remains 
are preserved. It forms a lens about seventy yards long and ten 
wide. At its northern extremity, it is most intimately mixed 
up with lava showing skeleton-crystals and other indications of 
rapid chilling, and this passes laterally into a solid mass of lava, 
containing numerous fragments of limestones and calcite-filled 
vesicles. The igneous rock must here l>e an intrusive body, 
formed probably at a small depth l>elow the sea-floor. 

The nature of the spilite-occurrences in the Woolomin Series is 
not clear. Dolerites have been proved to occur, and a special type 
of spilite as yet not chemically analysed. They are rather crushed, 
and are less variable in texture than the igneous rocks in the 
Middle Devonian. Only one instance of pillow-structure (and 
that a dubious one) has been seen in the spilites of the Woolomin 
Series in the Nundle district; it occurs in a tributary of Munro’s 
Creek. Generally the rocks are quite massive, and free from 



BY W. N. BENSON. 


131 


vesicles. It may be mentioned here that well marked pillow- 
structure has been observed in some amygdaloidal spilitcs occurr¬ 
ing in the Woolomin Series in Portion 56, Parish of Loomberah, 
by the bridge over the Peel Itiver, eleven miles south of Tam- 
worth. These rocks are highly altered, as much so as the majority 
of the British spilites known to the writer. It cannot lx* doubted 
that long strips of Bowling Alley (Middle Devonian) rocks are 
faulted or folded in among the Woolomin Series, but the spilites 
of these strips should be usually distinguishable from those belong¬ 
ing to the Woolomin Series. Distinction between the two sets 
of dolerites is not clear at present. 

Other rock-types occur that are cognate with the spilites, though 
differing from them in varying degree. In Munro’s Creek, com¬ 
mencing at the llazorback, and running thence up to the end of 



the westernmost branch of it, is a series of pale grey green rocks. 
This mass was overlooked in the first survey, being thought to 
have been merely a rather altered tuff. Its eastern side adjacent 
to the serpentine is a flow-breccia, and traces of the same rock 
appear on the western side of the mass on the other side of the 
creek. The main mass is composed partly of a very fine-grained 
variolite with a most peculiar microscopical structure, partly of 
a subvariolitic porphyritic rock, and partly of a rock with an 
almost doleritic texture, intrusive into the finely granular or 
aphanitic variolitic rock. The porphyritic rock has a well 
developed pillow-structure, and several pavements of it are 
exposed in the bed of the creek. Fig.3 illustrates one of these. 
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The doleritic type is abundant, but does not exhibit pillow- 
structure. It has not been possible to determine the mode of 
occurrence of these rocks. They lie in the most disturbed zone 
in the Howling Alley rocks, and the steep scree-covered slopes on 
either side do not expose any lines of contact between the sedi¬ 
ments and the igneous rocks. 11 is almost certain that the series 
is faulted and folded, probably in a syncline. The occurrence of 
the breccia on both sides of the creek may be due to this; lines 
of shearing are to be seen in the rock. It is not clear, also, 
whether any of the rocks were actual flows. At the southern 
extremity of the mass there is a band of variolite only a yard 
thick, lying in a rather wider band of decomposed flow-breccia. 
The line of contact between this and the sediments is indecisive. 
There is also no clear evidence as to the relation between the 
variolitic leueocratic rocks and the strongly magnetitic spilite, 
described above as intrusive into a limestone. There seems to 
be almost a passage between the two types. In the creek below, 
pillowy spilitic boulders are associated with the variolites, and 
here again passage-rocks seem to occur, but the relation of the 
two types in aitn is unfortunately obscured. A passage from a 
rock free from magnetite into one rich in that mineral is not 
impossible, as will appear from the consideration of the maguetite- 
keratophyres. A dyke of odinite traverses the series. 

The most remarkable of all the rocks are the keratophyres. 
Of these are to be distinguished the keratophyres proper, the 
rnagnetite-keratophyres, the quartz-magnotite-keratophyres, and 
the quartz-keratophyres. The simplest occurrence is that of the 
keratophyre at flanging llock, which has been mentioned pre¬ 
viously (Part ii., p.586; Part iii., p.666). It is also in a zone of 
great disturbance, and its relations are obscured. It seems pre¬ 
ferable to consider it as a short sill, rather than as a volcanic 
plug. The rock is made up almost entirely of plagioclase, and 
analysis shows its extremely sodic character. 

The rnagnetite-keratophyres are linked by passage-rocks both 
to the spilites and to the keratophyres. In the one sequence, 
the spilite passes into magnetite-keratopbyre by the gradual 
diminution in the amount of augite present, and the increase in 
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amount and decrease in grainsize of the magnetite; and by the 
substitution of a very slaggy for an amygdaloirtal habit. The 
change from keratophyre into magnetite keratophyre is a more 
complex one, and is discussed at length in the sequel. 

North and south of Folly Creek, near the serpentine, there are 
small masses of spilitic niagnetite-keratophyre, which seem to be 
intrusive into the adjacent sediments. No unusual tectonic 
features appear in their neighbourhood. Here and there through¬ 
out the district are little patches of spilite, richer than usual in 
magnetite, and showing some approach to the character of inag- 
netite-keratophyres. These, however, are of rare and limited 
occurrence only. 

The main region of development of the purely keratophyric 
type of rocks lies north-west of Bowling Alley Point in the 
region between* Hyde’s and Cope’s Creeks. About a mile due 
west of the small infaulted area of Permo-Carboniferous rocks, is 
what may be termed the Hyde’s ("reek Complex. Tt forms a 
small ridge, running l>ack from the creek. Fig.4 is a map of the 
occurrence. The normal strike of the region is that seen to the 
north east of the figure, namely, N.N.W.-S.S.E. I lie strata 
following this strike are steeply inclined cherts and agglomerates 
or breccias. The strike warps round from N.N.YV. to W.N.W. 
A fault cuts almost perpendicularly across this, and south of the 
fault lies an area, the strike of which swings from N. N. to E.N.E. 
The line of fault is marked by a series of masses of jasper, not of 
the usual red homogeneous character, but more clearly a secondary 
vein-like And vesicular rock, with quartz and chalcedony and 
crystalline haematite; the last is present as a finely divided 
colouring matter, as crystals in druses, and in veinlets through 
brecciated jasper. Where the jaspers cease, there continue zones 
of red jasperised radiolarian chert. Microscopical sections of 
these clearly show the metasomatic effect of ferruginous siliceous 
solutions. 

Intrusions of igneous rock occur both north and south of the 
fault-line. At the southern end of the hillock is a complex of 
keratophyre and magnetite-kerafcophyre as shown. No actual 
contact with the chert has been seen, but the intrusive nature of 
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the igneous rock can scarcely be doubted. The keratophyre, 
when fresh, has a translucent white colour, and is divided up 
into small portions, generally about two millimetres in diameter, 
closely compacted together, and generally without any intervening 
matrix. A little pyrites is usually present. On weathering, a 
white kaolinitic rock is produced, or a red or yellow ochreous 
one. Towards the centre of the mass, and also to the north-east, 
inagnetite-keratophyre is developed, The passage from the one 
rock into the other is a gradual one through many peculiar inter¬ 
mediate types to be subsequently described. The increasing 
amount of magnetite may be regularly distributed, giving a 
uniform grey rock, but more usually it is very irregular, pro¬ 
ducing breccia-like or nodular rocks. Following these, are almost 
pure magnetite-keratophyres with but few veinlets of felspathie 
rock. Finally, in the centre of the ferruginous area, is a black, 
heavy, and very slaggy magnetite-keratophyre, in which the 
abundant irregular vesicles are never amygdaloidal, and are 
nsually idled with calcite. A similar passage from purely 
felspathie into richly magnetitic rock occurs on the summit of 
the hillock. Between this and the former mass, is a long intru¬ 
sion of quartz-dolerite, containing very little augite,and passing, 
on the margin, into fine-grained, non-porphyritic rock, the com¬ 
position of which approaches that of an augitie quartz-kerato- 
phyre. North of the jasper-band, is a lenticular patch of very 
vesicular red-brown quartz-magnetite-keratophyre. The vesicles 
are round or slightly amygdaloidal, and the rock is not at all 

slaggy. 

Along the zone of agglomerate to the north, other small occur¬ 
rences of quartz-magnetite-keratophyre may he found, and the 
line of contact between these and the agglomerate is very difficult 
to define. 

At Silver Gully, a mile north of the Hyde’s Creek complex, is 
a second complex, of which a sketch-inap is given (Fig.5). This 
is only very roughly drawn to scale. Beside the agglomerate, is a 
band of limestone forming a bold outcrop. To the east of this is a 
narrow band of spilitic agglomerate, beyond which is a longintru- 
ion of dolerite like that in the Hyde’s Creek complex. There 
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does not seem to be a clear boundary l>etween the agglomerate 
and the doleritc, and there is certainly no boundary between the 
dolerite and an offshoot of spilitic magnetite-keratophyre, which 
cuts across a second band of limestone, and* opens out into a 
roughly circular area of fine-grained, red-brawn and highly 



vesicular (not slaggy), not very ferruginous magnetite kerato- 
phyre, whioh passes into a richly magnetitic slaggy rock. The 
dolerite-sill may be traced for about half a mile to the north, 
and the agglomerate at its western edge seems to grade into a 
coar sely granular porphyritio quartz-keratophyre, which, on micro- 
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scopic examination, proves to l>e composed entirely of fragmental 
quartz and albite. Agglomerate rocks of a rather different 
nature, composed of fragments of keratophyre, magnetite-kerato- 
phyre, and dolerjjbe in a matrix of keratophyre, lie to the west of 
a great band of jasper, which forms the ridge of the hill between 
Silver Gully and Pipeclay Creek. This agglomeratic rock appears 
to be rather of the nature of an intrusive igneous rock, filled 
with cognate inclusions. 

The jasper has the same peculiar feature as that of the Hyde’s 
Creek complex. The scree from the ridge covers the easterly 
slope, and through it there appear two small areas of vesicular 
quartz-niagnetite-keratophyre like that north of jasper at Hyde’s 
Creek. 

Below the limestone on Pipeclay Creek, there is another 
intimate association of agglomerate and massive igneous rock (in 
this instance a porphyrite) in which it is difficult to distinguish 
between an agglomerate, and an igneous intrusion tilled with 
inclusions. This has not been investigated yet. Kast of this 
mass, and extending from Silver Gully, across Pipeclay Creek 
towards Cope’s Creek, is a band of very siliceous keratophyre. 
It is a grey rock, often containing small felspar-phenocrysts, very 
vesicular, and often amygdaloidal. The long amygdulesare filled 
with calcite, or frequently with quartz or agate, while the micro¬ 
scopic features of the rock show further signs of the action of 
silicifying solutions. Occasionally the rock is traversed by veins 
of red jasper. In this case, also, there is no line of contact with 
the sediments exposed, nor is it obvious that the mass is an 
intrusion. It is very uniform in character, has a width of from 
fifty to a hundred yards, and is not associated with any obviously 
ejectmental deposits. 

Petrographical Characters. 

In the foregoing, the Devonian igneous rocks were classed 
into the dolerite-spilite series, the keratophyros, quartz-kcrato- 
phyres, raagnetite-keratophyres, and the variolites of Munro’s 
Creek. They were briefly described in Part iii. of this series, but 
a more detailed account is now possible, and some modification 
of the former statements must be made. 


14 
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1. The Alhite-dolerite and Spilite Group. 

General features. - These rocks are by far the most abundant 
of the Devonian igneous suite. Mineralogically and chemically, 
they form a very well marked homogeneous group; and, though 
the variety of textures developed is very great, they are con¬ 
nected with one another by a complete series of intermediate 
textures. At the acid extremity of the group there are passage- 
rocks into the keratophyres. The mineral composition is simple. 
Throughout the whole group, the predominant mineral is an 
acid plagioclase. Augite occurs in amount varying from one- 
fifth to more than one-half of the amount of the felspar. Ilmenite 
or titaniferous magnetite is next in order of abundance, but 
varies within wide limits, as does also the amount of apatite. 
Quartz varies greatly in amount, and in the r61e that it plays: it 
may occur in isolated grains, in interstitial mosaic, or in micro- 
pegrnatitic intergrowth with felspar. Rarely a small amount 
of primary, brown hornblende is present. Pyrites is usually 
present, though only to a small extent. No definite sign of 
olivine is seen, even among the decomposition-products. Potassic 
minerals, such as biotite and orthoclase, are absent. The 
feature which distinguishes the whole group from rocks, similar 
in chemical composition and geological association in other parts 
of the world, is the comparative freedom from decomposition. 
Secondary minerals are present in most of the rocks, calcite, 
chlorite, or epidote, but usually only in small amount. Com¬ 
plete uralitisation is almost confined to the dynamically altered 
rocks of the Woolomin Series. 

Chemical composition.— The chemical composition of this series 
is exemplified by the table herewith, and may be contrasted 
with the average composition of basalts as given by DalyO), 
The chief feature of our rocks is their richness in soda, and, to 
a lesser extent, in titanium, (Daly points out that the two often 
go together) while the alumina, potash, and lime are low. The 
total iron oxides and magnesia, and the silica of the rocks free 
from quartz, are about the same as that of the average normal 
dolerite, 
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Table or Analyses ok Rooks ok the Nundle District. 



117 

1002 

1021 

145 

1109 

1013 

1086 

1107 

53 

SiO t 

48*22 

1 

48-35 

5119 

54-88 

48-61 

60-39 

56 95 

48 04 

49 06 

A1,0, 

14*82 

1412 

14*40 

1262 

18-54 

18-40 

17*87 

14-47 

15*70 

Fe,0, ... 

0-56 

4 87 

4‘43 

3 02 

0-34 

103 

4'49 

0*87 

538 

FeO 

9*25 

1027 

9 04 

7*11 

6 79 

3 50 

600 

11*87 

6-37 

m b o ... 

5*58 

4-78 

4*51 

3*73 

7-22 

1*27 

0 98 

6*56 

6*17 

CaO 

8-81 

6*71 

005 

4*16 

10 20 

1 53 

2-30 

9*11 

8 95 

Na,0 ... 

4 95 

4 63 

418 

6 01 

413 

8-79 

8-80 

4 06 

3*11 

k 9 o 

044 

0-38 

0-78 

1*10 

0*18 

0'46 

0*38 

0-64 

1-52 

H.O + 

2*54 

2-00 

1-82 

1 76 

2 02 

1-37 

0*71 

2 15 

| 1*62 

H a O- .. 

0*15 

0-30 

0.24 

0*23 

0-20 

0-20 

0 38 

0*13 

CO, 

1*40 

aba. 

aba. 

tr. 

1 19 

1 70 

0 91 

0*26 

TiO, 

2 08 

2 84 

2-69 

3 63 

0 90 

0-80 

0-89 

1*97 

1 36 

l\O g 

0-23 

0 35 

0-40 

0-44 

tr. 

0 12 

tr. 

0 08 

0-45 

fSs. 

0*37 

0-22 

0 19 

0-71 

004 

0 02 

0 04 

tr. 

__ 

NiO 

003 

— 

— 

0 05 

— 

— 

— 

_ 

_ 

MnO 

0*23 

018 

0*21 

0*25 

008 

0 08 

0 08 

0-21 

031 

BaO 

a 1)8. 

0 10 

ab«. 

abn. 

— 

a be. 

— 

— 

— 


100-28 

100 10 

100*13 

99 70 

10044 

99-66 

100*73 

99 42 

100 00 


117-Spilite, Frenchman’s Spur, Nundle. (See Partiii., p.704, N.T.415). 

1002.Dolerite, Munro’s Creek, Bowling Alley Point. 

1021.QuartZ‘dolcrite, Munro’s Creek. 

146.Quartz-dolerite, Hanging Rock. (Part iii., p.704, N.T.237). 

1109.Variolite, Munro’s Creek. 

lOlS.Keratophyre, Hanging Rock, Nundle. 

1086.Magnetite-keratophyre, Hyde’s Creek. 

1107 Dolerite in Serpentine, Chrome Hill, Bowling Alley Point. 

53.Average composition of all basalts. (Daly, “Igneous Hocks and 
their Origin,” p.27). 

Afineralogical composition.—The high percentage of soda is 
expressed in the very acid nature of the plagioclase developed. 
If we calculate the composition of the felspar, assuming that all 
the orthoclase plays the r61e of albite in the plagioclase, we have 
the following table:— 

No. 117. Felspar Molecules... Or 4 Ab 80 An #0 or Ab 74 An 9e 
No. 1002. Felspar Molecules... Or 4 Ab r4 An S0 or Ab 79 An 9R 
No.1021. Felspar Molecules... Or 8 Ab flg An 8S or Ab r8 An a7 
No. 145. Felspar Molecules... Or lf Ab gr An 1# or Ab gl An lf 

Thus all the felspars, with the exception of the last, are oligo- 
clase-andesine; the last is albite, Optical tests, however, show 
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that all the felspar in the rocks is albite or acid oligoclase. The 
excess of anorthite molecule must be present in the pyroxene, 
which is abundant in the first three, but rarer in the last: the 
presence of some epidote and chlorite also removes some of the 
alumina that is reckoned in the calculation as if it formed anor¬ 
thite. The felspars are often quite clear, and their position in 
the acid group is nearly always determinable from their positive 
biaxial character, and their refractive index which is lower than 
that of Canada balsam. More exact determinations are difficult. 
The Carlsbad twinning law has not been seen in combination 
with the albite law; extinction-angles measured on the albite 
lamellse perpendicular to (010) give maxima between 8° and 16°, 
indicating a composition between acid oligoclase and albite. Prof. 
Becke’s methods of investigation in convergent light are rarely 
applicable(14). A measurement made of the angle between the 
points of emergence of the optic axes of adjacent lamellfe of a 
pericline twin, indicates a composition of about Ab 8fi An 1 fl , which 
again is within the limits expected. Occasionally, the felspars 
are slightly zoned, albite is at the margin, and oligoclase within. 
In the earlier account of these rocks, it was stated that andesine 
predominated among the quartz-dolerites. This is not confirmed 
by a more extended investigation. Andesine occurs but rarely, 
and the crystals of which it forms the central parts are strongly 
zoned. The determination of andesine in some slides remains 
doubtful owing to the dusty character of the felspar, and mother 
cases a testing of the Canada balsam shows that it has been 
insufficiently cooked, and has therefore a refractive index less 
than that of albite, leading to the above-mentioned error. It 
was reported, also, that spongy felspar occurred in one instance, 
though the mineral is usually compact; further search has not 
brought to light any other instance of spongy felspar than one 
described. In the porphyritic rocks, no difference can be found 
between the composition of the microlites and of the phenocrysts. 
Apart from its unusual composition, there is little to suggest 
that the acid felspar is not of primary origin. In one rock only 
has labradorite been found, namely, 1040, the specimen illustrated 
in Fig.l. The felspar forms clear fresh laths, and is associated 
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with fresh augite, and chloritic decom position-prod nets of a 

glassy base. 

The pyroxene, also, is generally fresh. Though in many cases 
there has keen a small amount of chlorite, uralite, cpidote, and 
calcite produced from the pyroxene, there is nothing that re 
sembles the highly altered state of pyroxenes in most British 
spilites. No alkaline pyroxenes have been observed, nor any 
rhombic pyroxene. Dr. Cox suggests that the quartz-dolerite of 
the spilitic series in Wales(15) may be found to contain augite 
rich in the rhombic pyroxene molecule. The present series of 
rocks have been specially searched for this feature, and the optic 
axial angle of many crystals was measured by the graphical 
methods of Professor Becke. They proved to be very uniform 
in character; the value of 2V lay in nearly all cases between 42* 
and 48°. This is rather less than the normal value for augite, 
but does not prove the presence of onstatite-augite, in which the 
angle may diminish to zero. Calculation from the analyses shows, 
however, that some of the HSiO a molecule must be joined with 
diopside molecule in the pyroxene developed. There is no 
difference between the character of the pyroxene in a quartz 
dolerito and that of a dolorite free from quartz. Sahlite-structure 
is never seen, though twinning is often present. The pyroxene 
is generally greyish-green in colour when seen in section, and in 
some of the more finely granular rocks it has a purplish tinge. 

The hornblende has the usual reddish-brown colour of horn¬ 
blende in basic rocks, is rarely present, and in small quantities 
only. 

The ilmenite occurs in plates of very irregular size and shape, 
and, in more altered locks, is frequently leucoxenised. The 
apatite and pyrites are as usual; the mode of occurrence of the 
quartz will be described below. 

The Texture . —The distinction between the dolerites and spilites 
is one of grainsize only, and is a most indefinite one. There is a 
wide range of texture between which every gradation can be 
found. At the holocrystalline end of the series, the most marked 
type of texture is that of the intersertal quartz-albito-dolerites of 
Hanging Rock. In these, the crystallisation of the apatite 
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occurred first, that of the ilmenite and augite followed; large 
prisms of plagioclase then formed, often with quite idiomorphic 
extremities; their outer portions are clear albite or oligoclase; 
the inner parts are often dusty and indeterminate; though 
generally acid, they appear at times to have a core of andesine. 
The mesostasis between these crystals is very varied in character: 
sometimes it is merely a quartz-mosaic of minute grains; or it 
may be a mosaic of minute grains of quartz and an untwinned 
felspar, which has the same refractive index as that composing 
the outer zones of the plagioclase crystals; or it may be a micro- 
pegmatitic intergrowth of quartz and felspar, radiating from the 
edges and particularly from the coigns of the large felspar 
crystals, and these micropegmatitic fringes may be narrow or 
may stretch across the whole space between the enclosing 
crystals. Again, the mesostasis may consist of a perieline- 
twinned mass of felspar, wrapping round the end of the plagio¬ 
clase prisms that project into the interstitial spaces. Finally, 
there are instances of the whole interstitial space being occupied 
by a few large quartz-grains; this last type of mesostasis, though 
fairly common in the dolerites directly associated with the spilites, 
is absent from a purely doleritic mass like that of Hanging Rock. 
Apatite crystals are rarer in the mesostasis than in the main 
part of the rock; this is the reverse of a feature commonly ob¬ 
served in the quartz-dolerites(18). 

With decrease in the quantity of quartz, the rock-texture 
becomes conditioned more entirely by the position of the felspar 
prismoids. In Munro’s Creek, some of the dolerites have a 
strongly gneissic texture, owing to the parallel position of the 
felspars. Augite is generally fairly abundant, forming about a 
third of the rock; it is usually roughly idiomorphic. Ilmenite 
and apatite vary greatly in amount. 

From this stage there is a passage into the ophitic texture, 
with a decrease in the size of the pyroxene crystals. Rocks with 
this texture are not so common as the former, and are among 
the purely doleritic sills, but the structure is most developed in 
connection with the passage-rocks between the dolerites and 
spilites (see Plate xxv., fig.2). 
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The majority of the rocks which wc shall term spilites have 
the texture characteristic of the spilites of Germany, and differ 
from these only in their greater freshness. They are partially 
porphyritic or glomeroporphyritie. The glomeroporphyritio types 
have small ophitio aggregates of augite, felspar, and ilinenite, as 
well as isolated phenocrysts of the same minerals. The ground- 
mass varies considerably; in some rocks it has a basaltic habit, 
but differs from basalt in the following peculiarity : the felspar 
phenocrysts have been enlarged, their outline is no longer sharp 
and rectilinear, but embayed, each ernbayrnent being filled with 
a grain of augite, on either side of which there project little 
tongue-like points of felspar (see Plate xxv., fig. 3). Somewhat 
similar characters have been described by Rinnc from the dialaises 
of the Harz Mountains(17). There is usually no flow-arrange¬ 
ment of the felspars, and, though the rocks are vesicular in 
places, there is no special alteration in texture noticeable aleut 
the vesicles. 

Another type of groundmass has much greater distinction 
between base and phenocryst, and a more marked flow-structure. 
This is very characteristic of the zone of spilitic rocks that 
extends north and south from Tom Tiger. The sharply bounded 
plagioclase phenocrysts have frequently microlitie extensions, 
giving swallow-tailed, or pronged terminations. The augite 
phenocrysts are moulded against the felspars, and do not show 
skeletal forms. Ilinenite and magnetite form long irregular 
aggregates of small grains. The groundmass consists of felspar, 
in the form of strips not much shorter than the phenocryst, and 
varying in size thence down to the finest microlitie dimensions. 
Its outline is rarely rectilinear; it has skeletal extensions, or is 
bent and twisted, forming shreds rather than laths. There is 
sometimes a general flow-arrangement; at other times the felspar 
is more radially grouped (a subvariolitic texture), or is quite 
irregular (see Plate xxv., fig.5). Associated with the felspars, 
are minutely granular augites and ilmenites; not infrequently 
the augite lies in narrow streaks between the felspar shreds. 
With decreasing grainsize, this texture becomes more and more 
confused, and the rock is more readily chloritised. Skeleton 
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crystals of augite occur, which are like rods made up of very 
minute grains, and feathered, one might say, with tiny plates of 
ilmenite. Such minutely granular augite is also frequently 
around minute laths of plagioclase. In many of these rocks 
there is more or less brown glass in the base (see Plate xxv., fig.6). 
The spilites are frequently vesicular, and sometimes, in the holo- 
crystalline spilites, the vesicles are surrounded by hypocrystalline 
rock. One of the most remarkable types of rock is that in which 
an ophitic dolerite of medium grainsize has interstitial areas of 
fine-grained subvariolitic rock (Plate xxv., fig.2). 

The amygdaloidal dolerite and holocrystallinc spilites described 
above are characteristic of the non-pillowy masses of spilite and 
the central portions of the pillowy spilites all along the French¬ 
man’s Spur, and the slopes north of Tom Tiger. The outer por¬ 
tions differ in being hypocrystalline. The phenoerysts and 
felspar microlites in the groundmass are sharply bounded, take 
on more distinctly the clustering radiating habit of variolitic 
rocks and are surrounded by a blackened border, full of skcleton- 
ilmenite and finely divided augite. In such rocks, there are fre¬ 
quently clear traces of flow-brecciation, the several fragments 
being sharply bounded in some places; in others they merge into 
the surrounding rock. These rocks show many structures within 
a short space, glassy, fragmental, or variolitic, solid or filled with 
lakelets of chlorite. In all these the felspars remain quite clear, 
and are acid oligoclase or albite. The extreme outer margin of 
one pillow in Swamp Creek exhibits a structure of which no 
parallel is known to the writer. It so closely resembles the plan 
of a pillow-lava that it may be termed the micro-ellipsoidal 
structure. It is probably a first stage in the formation of vario¬ 
litic structure, preserved owing to the sudden quenching. The 
rock is broken up into small ellipsoidal portions about 0*2 mm. in 
diameter, consisting of radiating fibres of a dark brownish-green 
colour (chloritised augite ?), surrounded by a ring of clear epidote. 
This epidote is separated from the epidote in the adjacent 
micro-ellipsoid by a thin band of grey dusty material, which 
widens out into tricuspate areas at the point of contact of three 
micro-ellipsoids, just as does the material between the large 
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ellipsoidal masses in pillow-lava. Within the micro-ellipsoids are 
phenocrysts of more or less epidotised plagioclase and fresh augite 
(Plate xxvi., fig. 10). 

Another type of structure occurs in the rapidly chilled rocks, 
particularly in the fragments of spilite in the agglomerates asso¬ 
ciated with the limestones. This has been already described, and 
is illustrated in a previous paper (Partiii.,p.665, and Plato xxvii., 
% 2 ). 

Occurrences of various types of dolcrite and spilite. The two 
widest masses of dolerite are those on Munro’s Creek and Hang¬ 
ing Rock. The first is about five hundred yards wide. Its 
eastern margin, against a fine-grained tuff, is a very fine grained 
mass of uralito and chlorite, with a few phenocrysts (1041). 
A yard from the margin, the grainsize is larger (0*2 to 0*3 mm.), 
though the rock is still considerably decomposed. From this 
there is a gradual increase in grainsize inwards, and also an 
increase in the amount of quartz. A wide zone occurs lying 
from one hundred to one hundred and fifty yards from the bound¬ 
ary marked by a gneissic (fluxional) structure. The inner quartz- 
dolerite has the composition given on p.139 (1021), while the 
rock outside the gneissic band is free from quartz and has a lower 
percentage of silica (1002). A narrow fine grained margin 
appears also on the western side of the mass, and is separated 
from the invaded rock (tuff-breccia) by a few inches of a finely 
granular aplitic rock which merges into the tuff. Under the 
microscope(1182) it is seen to l>e made up of small (0 05 mm.), 
equidimensional grains of albite, frequently free from twinning; 
at other times so finely laminated with albite and pericline 
twinning as to appear like microcline, save that its optical char¬ 
acter is positive. A few small crystals of augite, and a little 
ilmenite are also present. 

The large mass of Hanging Rock, which is half a mile wide, has 
an acid central portion. The rock figured on Plate xxv., fig. 1 
(1065), from the central portion of the massif, is much richer in 
silica than that near the margin, which contains 54% SiOj. (see 
analysis 145). The grainsize does not vary noticeably across the 
massif. 
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The dolerite of the Possum Tunnel and elsewhere, near Bowling 
Alley Point, has been invaded by a coarse pegmatitic dolerite, 
consisting of oligoclase-albite (not andesine), augite, and large 
ilmenite-plates with a little interstitial quartz and plagioclase. 
The rock is rather crushed, and much veined with quartz, epidote, 
and calcite. 

The long string of spilite-occurrenees, running from north of 
Tom Tiger to the Oakenville Creek, have been already described. 
The spilite first analysed is one of these (117, N.T.415, Part iii, 
p.704). It has a complex texture; coarse phenocrysts and 
glomero-porphyritic aggregates occur in a spilitic ground mass 
in which are vesicles filled with calcite, and surrounded by 
fine-grained, subvariolitic, hypocrystalline material (see Part iii., 
Plate xxvii., fig.l). The spilites of Moonlight Hill have a par¬ 
tially granular, partially ophitic texture, and pass laterally into 
fine-grained spilitic masses. No special textural features are to 
be seen in the dolerite that contains axinite in its vesicles, save 
in the widely differing character of the material filling adjacent 
vesicles. Quartz, epidote, chlorite, calcite, and axinite occur 
singly, or in association. 

A small sill crossing Moonlight and Madden’s Creeks exempli¬ 
fies best the porphyritic spilites with basaltic groundmass (Plate 
xxv., fig.4). Tts vesicles contain quartz, which also appears to 
be replacing the rock metasomatically. Both magnetite and 
ilmenite occurred, but the latter is now changed to titanomor- 
phite. The sill, though only four yards wide, is much more 
finely granular on the margin than within, though there is no 
alteration in texture or composition 

The spilitic rocks in the Woolomin Series are not so varied in 
texture. They are rather basaltic in character, and the pheno¬ 
crysts are not very abundant. In one instance only has a pillow¬ 
like mass been found in the Woolomin rocks of the Nundle dis¬ 
trict. The rock of which it was composed consists of a few 
phenocrysts, clear plagioclase and uralite, set in a base of the 
same materials. The felspar of the groundmass is fresh, often 
untwinned, and very fine-grained (PI. xxv., fig.3). Other rocks 
show the same original structure, but are more crushed. A few 
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coarse-grained dolerites occur among these. They are also greatly 
shattered, traversed by shearing lines and long bands of crushed 
minerals. The felspar is difficult of determination, owing to the 
poor development of twinning, but it can never be said to have a 
spongy structure. The pyroxene is almost entirely changed to 
uralite. 

The Variolites and associated Dolerites. 

These rocks form a small group quite distinct from the normal 
spilitc-dolcrite series. Two occurrences may be noted as examples. 
The first is only a single narrow dyke traversing the cherts 
opposite Lyons’ house in Swamp Creek. Variolitic texture is 
very well shown among the felspars, while the remaining minerals 
have become almost entirely changed to carbonates. The second 
mass is much larger and diversified. It occurs in Munros 
Creek. The field-relationships have been described above. The 
breccia-like rock on the eastern nmrgin(1090) consists of frag¬ 
ments of crystalline rock, set in a light yellow brown glass, which 
is hypocrystalline, in places approaching to the character of the 
fragments which it includes. The most abundant of these inclu¬ 
sions are those least different from the groundmass. They are 
porphyritic with albite phenocrysts in a grey hyalopilitic matrix, 
containing many laths of felspar. The proportion of glassy to 
crystalline matter, and the extent to which flow-structure is 
developed, differ considerably in the several fragments, as do also 
the size and abundance of the phenocrysts. A second type of 
inclusion is holocrystalline. It contains fewer phenocrysts than 
the above, and has a pilotaxitic to trachytic base, consisting of 
albite laths with a little ferromagnesian matter, chiefly epidote 
and actinolite pseudomorphs after pyroxene. Wide variations 
occur in the extent of development of the flow-structure and the 
amount of ferromagnesian minerals. The type passes into the 
one first described. In addition, there are isolated crystals of 
albite, which project into the inclusions of the first-described 
typo in a manner which shows that these inclusions were still 
plastic while they were in the glassy groundmass. There can he 
little doubt that this is a rock produced by the consolidation of 
a moving magma, which was shattered and the fragments were 



148 GREAT SERPENTINE BELT OF NEW SOUTH WALES, iv., 

incorporated in the crystallising moving melt, which chilled and 
solidified rapidly. In other words, it is a flow-breccia. When 
decomposed, this rock appears in handspecimen like a schistose 
tuff. A thick band of it crosses the eastern branch of Munro’s 
Creek. 

The most peculiar rocks are the variolitos. There are several 
types of these. The most aphanitic stage is a dense, pale green 
rock containing white spherical spots, which have no definite 
outlines. It occurs in a narrow pillowy mass on the western¬ 
most tributary of Munro’s Creek, and again on the main creek 
near the llazorback( 1034, 1089). Under the microscope, it is 
seen to possess a grey-green base divided up into acutely angular 
portions separated by straight colourless rods running in all 
directions(Pl.xxvi.,f 9). These rods are quite sharply bounded, but 
their nature and composition cannot be determined. They suggest 
felspar by their appearance, but are untwinned and divided into 
irregular lengths, each occupied by a single transparent mineral, 
different in optical orientation from its neighbours. 'Hie elonga¬ 
tion of these short portions of the rods may be positive or nega¬ 
tive. Professor Gregory has described similar structures in the 
variolite of the Fichtelgebirge(18), and Michael Levy in that of 
J)urance(19).* These authors suggest that these may be contrac¬ 
tion-cracks filled with secondary felspathic material. The same 
explanation may hold for the rocks under discussion, but it is 
difficult to account for the absolute recti linearity of the struc¬ 
tures. Where these roils intersect, there are occasionally radiate 
spherulites of felspar (varioles). The angular spaces between the 
rods are composed of very fine green fibres, with a radial or 
curved arrangement about one or more centres, often recalling 
the arrangement of the line of force about a bar-magnet. They 
lie in a colourless, weakly birefringent groundmass. The greenish 
fibres extinguish at small tingles, and are probably chlorite. No 
primary minerals or recognisable pseudomorphs occur in these 
rocks. In a more crystalline stage of this rock, the chlorite 
plates are more individualised; large plates are associated with 

# For a summary of all the earlier work on variolites, see Gregory and 
Cole’s paper, “Variolitic Rooks of Monte G6n&vre,” Quart. Journ. Geol. 
Soc., 1890. 
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epidote and are probably pseudomorphs after plagioclase. The 
rod-like structures still persist, but are either less well marked, 
or are emphasised by the development in them of lines of mag¬ 
netite, or they are completely hidden by secondary minerals. 
Other types of variolite are porphyritic; they contain (c.</., 1007) 
phenocrysts of decomposed augite and plagioclase, in a confused 
more or less variolitic base, composed of laths and skeletal forms of 
folspar, together with a little uralite, epidote, and chlorite; a little 
secondary quartz is scattered about in small irregular patches. 

Associated with the rocks just described, is a very beautiful 
variolite which consists chiefly of felspar with a little interstitial 
augite. The characteristic radiating structure is well shown 
(Plate xxvi., fig 7). This rock forms the outer part of a pillow; 
it is unfortunately too decomposed to be suitable for chemical 
analysis, and there are in it abundant veins of pennine and 
clinozoisite. The felspar seems to be oligoclase, but its exact 
composition cannot be determined optically. In another rock 
with a similar groundinass there are numerous phenocrysts of 
albite(1078). The freshest rock, and the one that lias been 
analysed(1109), has a texture intermediate between the variolitic 
and ophitic types, with a few phenocrysts. These consist of 
andesine; the felspar of the groundmass is rather more aeid, 
being a basic oligoclase, with a small extinction-angle, but with 
a refractive index greater than that of Canada balsam. The 
augite is partly ophitic, partly in narrow, irregular grains or 
prismoids. There is a little scattered chlorite, but isotropic, 
probably colloidal, chlorite occurs, with a small amount of car¬ 
bonates, clinozoisite, epidote, and a trace of pyrites. The analysis 
confirms the optical evidence of the basicity of the felspar de¬ 
veloped, and the absence of any ferric minerals. 

There can be little doubt that these rocks are members of the 
Middle Devonian series, but their greater richness in lime is not 
at present explicable. 

The Keratophyres . 

The keratophyres are a vatied group of rocks which consist 
almost entirely of acid plagioclase. They are connected in two 
ways with the dolerite-spilite series. Quartzdolerites, becoming 
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richer in quartz and albite, pass into quartz-keratophyre. Many 
intermediate rocks have been found. The rarer type of passage 
is that in which, by decrease in the amount of pyroxene and 
increase in the iron ore of a spilitic rock, a black slaggy rock is 
produced, to which the name magnetite-keratophyre may be 
applied. Far more common, however, is the association of mag- 
netitc-keratophyre with keratophyre proper, quite apart from 
any passage into the spilite-group. 

The true keratophyre is represented by the sill at the head of 
Oakenville Creek. It consists(1013) of almost pure albite, not 
acid oligoclase as stated in the earlier account. The analysis, 
making the same assumptions as before, shows that the felspar 
has the composition Ab^An^ There is, in addition, a little 
magnetite, limonite, chlorite, and carbonates. In some speci¬ 
mens there are little rods of hamiatite, which may be pseudo- 
morphous after hornblende. (There are little pseudomorphs of 
this character in the porphyries of the Nundle district.) The 
texture of the keratophyre istrachytic, but not markedly so, and 
the laths are of uniform size, being about a fifth of a millimetre 
in length, with a few small phenocrysts (Plate xxvi., fig.ll). 

Just north of Folly Creek, near the track to Bowling Alley 
Point, is a slag-like roek(1084) with well marked trachytic habit, 
consisting of albite, magnotite, and chlorite pseudomorphous after 
augite. The magnotite is very abundant, and occurs in exceed¬ 
ingly minute but well shaped crystals. The felspar is in clear 
laths and microlites. This is an example of the passage-type 
between a spilite and a magnetite-keratophyre. It differs from 
the usual type of the latter rock in being quite massive, with 
little or no scoriaceous habit. 

The keratophyre-complex by Hyde's Creek yields the most 
interesting types. The pinkish-white nodular rock to east and 
west of the magnetite-keratophyre, is made up of small fragments 
of very trachytic rock, the flow-directions in the several frag¬ 
ments lying without any regard to the flow-directions in adjacent 
fragments(1108). Each fragment is made up almost entirely of 
albite laths, the larger laths lying in a matrix of exceedingly 
minute microlites and a little quartz. The felspar is often very 



BY W. N. BENSON. 


151 


fresh, but some k&olinisation has taken place, spreading outwards 
in bands from the cracks separating the fragmunts of which the 
rock is composed. The reddish colour of the rock is due to the 
oxidation of scattered grains of pyrites. 

Magnetite enters into these rocks in a variety of ways, one of 
the most remarkable being that seen in the nodular magnetite- 
keratophyres(1096) [Plate xxvii, fig.3]. The rock is divided up 
into roughly polygonal masses about four millimetres in diameter. 
Each polygon consists of an outer rim, rich in finely crystalline 
magnetite in a network of albite microlites. There follows 
within a zone of varying width, consisting of a finely granular 
mosaic or lathy felt of albite, which sometimes contains large, 
clear phenocrysts of the same mineral. There is usually no 
general circumferential or centripetal arrangement of the felspar 
laths within a nodule, but frequently a general trachytic structure 
continues without interruption throughout the whole nodule, 
and may be parallel or inclined to the trachytic arrangement 
in adjacent nodules. Besides the albite, a little chlorite may 
occur in this zone. Within this is a narrow passage-zone of 
felspar laths, sometimes more or less kaolkiised, and containing 
rather abundant dusty magnetite. Tho inner part of the zone 
may be coloured yellow by the abundance of the oxidised chlorite. 
The central portion is of normal magnetite-keratophyre, com¬ 
posed of albite laths and abundant magnetite. Albite pheno¬ 
crysts occur in this, and may project, quite unaltered, right out 
into the clear felspathic zone, or may even traverse two or three 
zones, retaining the general trachytic direction of the nodule. 
The above is the most complete type of polygonal nodule; in 
others less well developed, some of the zones may not be present. 
In a few instances, the central magnetite-keratophyre, with its 
more or less marked texture, is wrapped round by a zone of kcra- 
tophyre free from magnetite, in which the laths have a circum¬ 
ferential arrangement. The boundaries of the several zones are 
never sharp. Where spaces occur between the nodules, they are 
filled with a mosaic of chiefly untwinned felspar. Except for 
the abundance of magnetite, this rock is allied in structure with 
the purely felspathic brecciated keratophyre last described. 



152 GREAT SERPENTINE BELT OF NEW SOOTH WALES, iv., 


There are also rocks of a more obviously brecciated appearance, 
angular fragments of black rock in a pinkish background. These 
show a brecciated structure similar to that of the foregoing; 
that is, they are divided up into areas, in which the general 
direction of the trachytie texture has no relation to that in the 
adjacent areas, and this diversity of How-direction is seen both 
in the parts rich in magnetite and in those free from that mineral. 
As in the last rock, also, albite crystals may project from the 
dark ferruginous part into that surrounding it, which is com¬ 
posed entirely of felspar. f I he limits of the ferruginous parts 
are quite irregular; though, in handspecimen, they may appear to 
be very sharply bounded, under the microscope, they are seen to 
pass into non-ferruginous parts(Pl.xxvii.,f.4). In a few instances, 
the raagnetite-keratophyre fragments are wrapped round by purely 
felspathic rock, in which the felspar laths are arranged circum¬ 
ferentially about it. Magnetite may also occur in cracks travers¬ 
ing the rock, sometimes running between adjacent trachytie 
patches, sometimes cutting across a single fragment. There are 
also segregations of magnetite lying isolated in areas usually free 
from that mineral. Chlorite occurs in large Hakes. As regards 



Text-fig.6.—Diagram showing the structure 
of a brecciated magnetite-keratophyre. 


actual mass, the magne¬ 
tite is considerably less 
abundant than the fel¬ 
spar, but the very minute 
grains and crystals are so 
abundant that they ren¬ 
der the whole portion of 
the rock in which they 
occur almost black. Pig. 6 
is a diagram showing the 
structure of these rocks. 
For clearness’ sake, the 
size of the felspars has 


been enlarged proportionately to that of the individual rock- 


fragraents. 


A variety of the brecciated structure is seen in a few rocks, 


in which the fragments of trachytie rock are not in contact with 
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one another, but are separated by a matrix of minute equidimen- 
sional grains of felspar, either untwinned, or twinned with ex¬ 
ceedingly minute lamella*. Quartz may also occur in this mosaic, 
but its determination is difficult. Ihe trachytie fragments may 
be entirely felspar, or may be homogeneous magnetite-kerato- 
phyre, but generally they are keratophyre with a magnetitic 
core, and purely felspathic outer parts. Complementary to this 
type of rock, there is still another (1188) in which the non 
trachytie matrix predominates, and is grey-coloured owing to a 
regular distribution of magnetite throughout; the inclusions are 
felspathic trachytie keratophyre, and sometimes contain a mag- 
netitic core. Even in this rock there is a concentration into 
lines between the inclusions, giving a honeycomb appearance. 
(Plate xxvii., fig.l). 

In oilier rocks, the magnetite is more evenly distributed, and 
the rock begins to take on a more slaggy or scoriaceous habit, 
and its rough, irregular cavities are filled with caleite. After 
having removed the carbonate by hand, as far as was possible, 
during the rough crushing of the rock (1086), the remainder was 
analysed, with the result givcn(p. 139). This confirms the optica! 
determination of the felspar as albite, for the composition of the 
felspar, calculating from the analysis in the same way as before, 
should be Ab 10 An,. The amount of titanium present is rather 
less than might have been expected from an analogy with the 
chemical characteristics of the spilitie series. The same features 
are even inoie strongly developed in the very richly magnetitic 
keratophyre shown in Plate xxvi., fig.l2. The association of 
areas rich in magnetite with others poor in that mineral, some¬ 
times merging into one another, sometimes sharply defined, and 
the strongly marked trachytie texture, with occasional breceiatcd 
structure, are also distinctive features. The rock is strongly 
attracted by a magnet: the felspar is apparently pure albite and 
water-clear, but the rock is so scoriaceous, and so intimately 
mixed with calcite, that density-determinations or chemical 
analysis would be of little use. 

Some of the magnetite-keratophyres of this complex contain 
more or less quartz. Jn one(1060) near the margin of the mass, 
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the richly magnetitic areas lie in a matrix of quartz-keratophyre, 
in which some, at least, of the quartz is of secondary origin. 
Another of these rocks differs in that the magnetite occurs not 
only in finely divided masses, but in irregular aggregates from a 
tenth to a fifth of a millimetre in diameter. The rock(l 110) has 
a brecciated structure, and the magnetite is segregated chiefly in 
long, irregular bands running between adjacent fragments, and 
in close association with the secondary quartz and calcite. It 
also occurs impregnating the central parts of some of the frag¬ 
ments. Apart from the presence of magnetite, the rock is 
similar to the quartz-keratophyres to be described below. 

The magnetite-keratophyre that lies north of the jasper band 
differs from the above in having an amygdaloidal character. The 
vesicles are filled with quartz, and sometimes have a selvedge of 
chalcedony. The rock consists of a felt of albite-laths and small 
phenocrysts in a matrix darkened by dust-like magnetite; the 
latter is, for the most part, evenly distributed, but may be aggre¬ 
gated around the vesicles. 

The magnetite-keratophyre of Silver Gully is similar to the 
rock last described. It is associated with a small patch of dense, 
slaggy, very heavy magnetite-keratophyre, similar to the most 
ferruginous parts of the Hyde’s Creek rocks. As already men¬ 
tioned, this mass of keratophyre seemB to pass into a locally 
brecciated sill of dolerito, which extends about half a mile 
northwards. This do’erite has been more or less silicified in 
places, and more carbonates have been introduced. The dolerite 
of the Hyde’s Creek complex, though it is not so intimately con¬ 
nected with the keratophyre, closely resembles the Silver Gully 
rock. It is very acid; indeed it may be considered as a passago- 
rock between dolerites and quartz-keratophyres: it consists of 
albite, chloritised pyroxene, and abundant interstitial quartz, 
together with a little ilmenite locally changed to sphene. The 
rock is rather crushed, and carbonates have been introduced into 
the zones of granulation. 

Adjacent to the dolerite in the Silver Gully complex, is a 
fairly coarsely grauular quartz and felspar rock which appears, 
at its eastern side, to be a massive quartz-keratophyre-porphyry 
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but which passes without a break into an obviously breccia ted 
rock, filled with fragments both of igneous rock and of limestone. 
A microscopical examination of the apparently massive rock 
shows that it also is brecciated. It consists of large shattered 
crystals and angular fragments of quartz and felspar in a fine¬ 
grained felsitie base. Even more remarkable is the agglomeratic 
rock on the summit of the ridge between Silver Gully and Pipe¬ 
clay Creek. This consists of a varied collection of rounded or 
angular fragments of porphyritic or traehytic keratophyre and 
magnetite-kcratophyre in a matrix of traehytic keratophyre. 
Though there are no lines of contact with the sedimentary r» cks 
exposed, it seems reasonable to consider this mass as the product 
of the intrusion of a keratophyre magma tilled with cognate 
xenoliths.* This is an extension of the conception of a brecci¬ 
ated intrusion which is necessary to explain the structure of the 
Hyde’s Creek keratophyre. 

The main scries of rocks to which the namequartz-keratophyre 
is most directly applicable, run along the eastern side of Silver 
Gully, across Pipeclay Gully to Cope s Creek. Their macros* opic 
features have been already described. The composition of the 
rock is fairly uniform throughout, but variations occur. The 
predominant mineral is acid felspar. 'Ibis generally, but not 
always, forms phenocrysts lying in a pilotaxitic, truehytuid or 
panidiomorphic granular base. With these are sometimes pheno¬ 
crysts of augite with a large optic axial angle. The plagioclase 
of the ba.se is rarely easily determinable, being often rather 
dusty : it does not appear, however, to be more basic than oligo- 
clase. Augite may occur in the base as small prisms, but is 
generally changed to chlorite: magnetite, ilmenite or titaho- 
morphite may occur in small amount. The greatest diversity 
arises in the mode of occurrence. A few of the rocks in this 
mass are free from quartz, but the majority contain it in a 
manner which raises suspicion as to its primary character. It 
may be interstitial, or form iu little irregular patches against 
which the felspars are moulded, or it is present in intimate 

* Compare with this the “ Eruptive pseudo-conglomerate ” described by 
demented*), p»135. 
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micrographic intergrowth with the felspar. In the last case, 
there can he no doubt that the quartz is primary. The larger 
grains apparently replace portions of the felspar-felt, and in no 
way resemble corroded phenocrysts, but have more the appear¬ 
ance of secondary introductions, especially when they occur in 
zones characterised by more than the usual amount of calcite or 
chlorite. Finally, in several of the rocks the quartz-grains are 
completely surrounded by chalcedony, which extends outwards 
into the felspar of the rock-matrix. This is clearly a secondary 
enlargement of the quartz-grains, and we may note at the same 
time, the abundance of chalcedony in the vesicles of some of the 
rocks. Chlorite and calcite also occur in the vesicles either 
singly, or in association with each other. 

The Po8t-Peridotitic Dolerites.. 

These rocks form dykes in the serpentine, chiefly on the 
northern slope of Chrome Hill, and also in a small patch of 
serpentine that occurs west of the Peel River, south of Warden’s 
homestead. They are usually very crushed and altered. The 
freshest rock(1107) has a very peculiar structure It is partly 
granulitic, the base consisting of angular or rounded grains of 
atfgite in a groundmass of platy felspar. There are a few large 
felspar-phenocrysts, and some ophitic glomeroporphyritic aggre¬ 
gates of felspar and augite, as well as isolated grains and crystals 
of augite. The pyroxene is pale in colour, and though there is no 
noticeable purplish tinge, hour-glass structure may occasionally 
be seen. The optic axial angle 2V is 51°. No difference is 
observable between the augite of the phenocryst and that of the 
smaller grains. Both are very fresh, though chlorite is abundant, 
at times pseudomorphous after augite. The plagiociase is not 
easily determinable. Some large zoned crystals occur, showing 
refractive indices greater than that of Canada balsam, but the 
extinction-angles do not yield determinative readings. The 
felspar of the groundmass is very dusty, and is frequently de¬ 
composed to a cloudy mass of epidote and clinozoisite. It seems 
to have the optical characters of an acid andesine. 'i he com¬ 
position calculated from the chemical analysis (see p.139) is 
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Abj.pAn,. Titanomorphite is very abundant, occurring in 
irregular grains or in long saw-like rows, as if developed from an 
ilmenifce-plate. No undecomposed ilmenite remains. 

More common than this are rocks which might be termtnl pro- 
terobases. They are more or less crushed and altered, and con¬ 
tain a reddish-brown hornblende, which forms isolated grains or 
peripheral intergrowths with the augite. The latter is generally 
fresh and similar to that in the rock Iast-described, though its 
optic axial angle may reach as low as 2V - 42 c . The felspar, on 
the whole, may be a little more acid. An outer zone of albite 
sometimes appears around the andesine-kernel, but an exact 
determination is rarely possible. Ilmenite is generally replaced 
by titanomorphite, and a very little apatite may sometimes be 
seen The structure varies from granular to ophitic. 

These rocks differ from the post peridotitic dolerites of the 
Barraba district, and also from the spilitic group of rocks, though 
their chemical analysis repeats most of the features seen in the 
analyses of the spilitic rocks. 

Gknkual Discussion. 

The observations, of which an account has been given, raise a 
number of interesting and difficult problems. The most striking 
feature of the whole series of the Devonian igneous rocks is their 
richness in soda. This character they share with the spilitic 
rocks of England, and it will be of interest to see how fjy the 
explanations offered for the nature of these rocks are applicable 
to ours, and what alternative views may be considered. 

Messrs. Flett and Dewey consider that the albite in the 
British spilito-lavas is socondary(2). They believe it to have 
been produced by a pneumatolytic change affecting the rocks 
shortly after their solidification. Solutions, rich in soda, traversed 
the rock, attacking, and replacing by albite, the originally basic 
felspar, and, at the same time, changing the pyroxene to chlorite, 
epidote, and calcite. The intrusive albitc-dolelites are equally 
albitised, but, in them, the pyroxenes are rather better preserved. 
The secondary nature of the albite is seen by its spongy character. 
Associated with the English albite-dolerites is a hornblende-pro 
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terobase (minverite) in which the albite is chiefly primary, 
though a small amount of albito basic felspar maybe recognised. 
The quartz-diabases in the same series are not albitised at all. 
By the escape of the sodic solutions from the igneous rock into 
the surrounding mudstones, adinoles are produced. The occur¬ 
rence of the minverites shows that albite may crystallise directly 
from a differentiate of the spilitic magma, although, in the 
British rocks, according to this view, it was usually segregated 
into post-volcanic solutions that attacked and replaced the 
originally crystallised basic felspar. Bowen(22) and others de¬ 
scribe the development of albitic facies in the upper portions of 
doleritic masses, and the escape of the albite into the overlying 
sediments, producing adinole. Bowen believes that the albitic 
rocks are the result of the intrusion of gabbroid magma into 
argillites, and that the water contained in the sediments has 
taken part in the transfer of the albite-molecule out of the normal 
magma. Daly supports this view, believing that the examination 
of sills, from the top to the bottom, will show an upward enrich¬ 
ment in albite. “ The submarine origin of the pillow-lavas 
implies that the magma passed through wet sediments of greater 
or less thickness. Under these conditions, water-gas must play 
an important r61e in modifying the magma in the vents, and it 
seems impossible to doubt that, occasionally, the upper part of 
the magma-column, and also some of the extruded lava, will 
become albitised. Meanwhile, the general body of the igneous 
rock must often be profoundly altered by the absorbed water-gas 
or hot water, exactly as described by many authors writing of 

the spilitic masses.The writer believes that the spilite 

rocks are pneumatolytic derivatives of normal basaltic magmas, 
and that the modifying gas is chiefly water of resurgent, not of 
juvenile origin.”(9, p.340). 

The spilitic rooks of the Nundle district differ from the 
majority of those discussed by Messrs. Flett, Dewey, and Daly, 
in the almost complete absence of signs of secondary origin of 
the felspar, and the rocks as a whole are fresh. Clear albite 
prisms may occur in ophitic intergrowth with undecomposed 
pyroxene, a thing difficult to explain on the hypothesis of the 
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secondary origin of the albite, unless, in some circumstances, 
albitising solutions have no action on pyroxene. Certainly some 
decomposition-products occur, chlorite, epidote, and ealeite, but 
they are not abundant, save in rocks that have obviously been 
in solution-channels (t.e., shear-lines, and the boundaries of some 
sills) or have suffered the intense pressure that affected the rocks 
of the Woolomin Series. It must be noted, however, that our 
rocks are rarely, if ever, flows, and, as Messrs. Flett and Dewey 
have observed, pyroxenes, as a rule, are better preserved in the 
intrusive than in the extrusive rocks. Further, in the examina¬ 
tion of the wide sills, there is no sign of greater albitisation of 
the upper parts. One cannot say definitely which is the upper 
part of the great sills on Munro’s Creek and Hanging Rock, but 
it seems clear that the rock is equally albit-ised throughout a 
width of more than five hundred yards. The western, and pro¬ 
bably upper side of the former mass contains veins of albite- 
dolerite-pegmatite. Another point of difference from the British 
spilitic rocks is the albitic character of the felspar in the quartz- 
dolerites. Certainly, in some quartz-dolerites, zoned felspar 
occurs, of which the central portion is andeaiuo, but it is not 
usually present. They are, however, with the single exception 
noted, the only rocks in which felspar more basic than oligoclase 
is to be found. 

Again, adinole is not developed along the contact of dolerites 
and cherts. Two specimens were analysed, which should have 
had every opportunity of becoming alhitised had sodic solutions 
escaped from the cooling magiua. These are (A) the chert in 
the mass between the pillows of spilite, illustrated in Fig.2b, and 
(B)the secondary chert from the specimen shown in Fig. 1, in 
which the felspars of the invading dolcrite(l040) are clear web 
crystallised prisms of labradorite. C and J) are respectively 
radiolarian chert and eherty shales from the Tamworth Common. 
(A narrow sill of albitedolerite occurs here, but, from the de¬ 
scriptions of Messrs. David and Pittmaidl2), it does not appear 
to have been in contact with these two rocks). The figures are 
those determined by Mr. Mingayo. E and F are from slightly 
altered, and completely altered sediments, that are changed into 
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adinole where they are in contact, with dialjases of the Harz 
Mountains. 



A 

B 

c 

D 

K 

F 

SiO, ... 

67*87 

70*06 

91*06 

80*50 

69 27 

75*25 

Na a O .. 

1*10 

1*04 

0*28 

118 

225 

7*54 

K„0 . . 

2*08 

1*08 

0*84 

1*68 

4-81 

0*61 


It is clear that the cherts from the Nundie district do not 
contain any noteworthy amount of albite. On the other hand, 
the presence of the albite-aplite above the Munro’s Creek sill, 
shows that locally there was some slight albitic extrusion from 
the magma. 

Tcrmier has explained(Sfl) the albitisation of some Alpine 
diabases, by the supposition that soda-bearing soil-waters drain¬ 
ing off gneissic areas on to diabases may bring about a replace¬ 
ment of lime by soda, concurrently with the decomposition of 
the ferroraagnesian minerals, and he has brought forward an 
interesting series of analyses in illustration of this. From the 
nature of the case, this hypothesis is quite inapplicable to the 
explanation of the Nundie rocks. 

It seems permissible to suggest that albite in spilitic rocks 
may be either a direct magmatic crystallisation, or may have 
been concentrated into the magmatic aqueous solutions, and have 
then replaced the first formed basic felspar. The albite of the 
Nundie doleritcs and spilites, like that of the British minverites, 
seems to be chiefly primary. This does not preclude the possi¬ 
bility that it may be largely secondary in spilitic rocks in 
adjacent areas. The conditions, that would determine the one 
mode of crystallisation or the other, probably depend on the 
amount of water in the spilite-magma, its source, and its mode 
and time of escape. 

In the keratophyres, there can be no doubt that, at the end of 
the sequence of differentiations, the magma was very hydrous, 
and post-volcanic processes were very active. The felspar of 
these rocks is almost pure albite, but even here there is no evi¬ 
dence of the secondary nature of the felspar. Neitbammer, from 
a study of some Javanese rocks, concludes that the keratophyres 
may be albitisod porphyrites(23). Sundius states that the felspar 
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of the magnetite syenite-porphyry of Kiruna, Lappland, though 
originally acid, has been still further albitised(22) Nothing 
analogous to the features claimed by these authors as evidence of 
albitisation, has been noticed in the keratophyres of the Nundlc 
district. 

The development of magnetite in the keratophyres presents 
many features of interest. So far as can be learnt, the only 
rocks, at all analogous to these, are the Pre-Cambrian magnetite- 
syenite porphyries of Lappland, and a few isolated and less 
investigated occurrences in the Urals and elsewhere The 
analogy is very clear, if we compare our rocks with the descrip¬ 
tions and illustrations in the papers of Sundius(23), Geijer(24,28), 
and Lundbohm(2fi). Bundius, while employing Geijer’s term, 
magnetite-syenite-porphyry, suggests that keratophyre would be 
a more suitable designation. It will be of interest, therefore, to 
summarise the views that have been put forward as to the origin 
of the Scandinavian rocks. The magnetite-syenite-porpbyries 
are in intimate association with great deposits of iron-ore, and 
the explanation depends on the view adopted as to the origin of 
the iron-ores. Baekstrdiu considered the iron-ores were of hydro- 
pneumatolytic origin, belonging to the last phase of volcanic 
activity(27). The volatile iron-salts rose through the igneous 
rocks, and, coming into contact with the sea-water above, were 
precipitated as magnetite. This hypothesis was supported by 
De Launay(28). On the other hand, Hogbom considered the ore 
was the result of a differentiation from a syenitic magma(29), and 
Stutzer supported this view, adding to it the statement that 
pneumatolysis has played an important minor r6le in the forma¬ 
tion of the ore(30). Geijer has studied the question in great 
detail. His monograph on the Kiruna field(31) is, unfortunately, 
not accessible in Sydney, but he has published an abstract of it 
in Economic Geology(24), and, more recently, a general review of 
the mode of occurrence of the iron-ores of Lappland(2d). He 
supports the view of the magmatic origin of the iron-ores, as also 
of the magnetite-syenite-porphyries, believing that the latter 
differentiated out from the normal syenite-porphyry of the dis 
trict, and had a lower temperature-range of crystallisation. He 
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cites the researches of Lenarcic(32), and Day and Allen(33) on the 
lowering of the viscosity produced by the presence of a small 
amount of magnetite in an albite-melt., and notes that the 
eutectic albite-magnetite ratio of three to one, as determined by 
Doelter(34), seems to be a frequent one in the magnetite-syenite- 
porphyries. At the same time, he recognises the presence of a 
certain amount of pm umatolytic action, affirming that the ores 
stand in pegmatitic relation to the parent-magma, there being 
evidence for the presence of a considerable amount of magmatic 
water. (Apatite occurs with the ores.) His view differs from 
that of Stutzer chiefly in the advocation of an effusive, not in¬ 
trusive, origin for the syenite-porphyries. 

The most significant features of our rocks seem to be the fol¬ 
lowing: they solidified from a magma under non-uniform pressure, 
and lienee are not only strongly trachytic, but were broken up 
as they solidified, and the keratophyres now consist of closely 
compacted, minute fragments of trachytic rock, usually without 
any matrix, occasionally with a matrix of non-trachytic acid 
keratophyre, a consolidation of the residual magma under static 
conditions. Most of the fragments have preserved the straight 
direction of the flow-structure, some have been bent, some have 
been actually rolled up into a concentric arrangement, and this 
is most frequent when the fragment has a kernel of magnetite- 
bearing rock. The magnetite-keratophyre forms the central 
portion of the keratophyre-mass; around it is a zone of parti¬ 
coloured nodular or breccia-like mixtures of magnetite-kerato- 
phyre with purely albitic rock. In these, the distribution of 
the magnetite is most irregular, but, in the main, it is suggestive 
of the occurrence of two periods of crystallisation. It rarely, if 
ever, occurs as inclusions in the crystals of felspar, but lies in 
an extremely divided state between the felspar-laths. Part of 
it is segregated into nodules of rounded or irregular shape, some¬ 
times broken across by the brecciation, and here showing a sharp 
fractured boundary, but more usually without any sharp bound¬ 
ary, passing out into the albitic rock, which may have a con¬ 
tinuous rectilinear flow-direction, or may bend to more or less 
encircle the dark portion. This seems to show that the presence 
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of magnetite toughened the rock against hiceciation, which 
occurred either during the crystallisation of the felspar, forming 
the kernels around which the last formed laths might wrap them¬ 
selves, or immediately after the consolidation of the felspar, in 
which case the trachytic structure of the particular fragment 
would pass unhindered through the maguetitic nucleus, The 
latter is the more usual feature. The first epoch of crystallisa¬ 
tion of the magnetite seems to have been a magmatic one : the 
magmetite-keratophyre and keratophyre proper must be differ¬ 
entiates from a common magma, and the peculiar mixed rocks 
form the transition-zone of incomplete differentiation. After 
consolidation and brecciation, there still remained a residual 
magma which consolidated lie tween the fragments. This granular 
mesostasis may consist of quartz and alhite, of quartz, albite, and 
magnetite, of quartz and magnetite, or of magnetite alone The 
last two types of matrix sometimes form in such narrow crevices 
between the fragments, or in cracks travel sing them, that it 
seems most probable that they are of the nature of hydro-pneu- 
matolytic veins. In confirmation of this, wo may note that they 
slightly impregnate the rocks on either side of the vein. In one 
specimen, the mesostasis retained nearly all the magnetite( 1188). 
The nodular segregations of magnetite are quite different from 
those in the Scandinavian rocks, which, according to Backstrom, 
are vesicles filled by pneumatolytic deposits of magnetite, hut, 
according to Geijer, are “ concretionary bodies in the porphyries, 
and have crystallised under igneous conditions, and pass into the 
normal groundmass on the one hand, and into true vesicles on 
the other.”(25, p.715). 

Within the zone of these mixed breeciated keratophyres, lies 
the main mass of magnetite-keratophyre of the Hyde’s Creek 
complex. It is much more uniform, and brecciation is not so 
very marked a feature. The slaggy, vesicular character is doubt¬ 
less due to the former presence of magmatic gases, and the rough, 
non-amygdaloidal shape of these cavities is, perhaps, explicable 
on the assumption that the rock moved in jolts by successive 
brecoiations of almost solid rock, and not entirely by steady 
viscous flow. 
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In the quartz-nmgnetite-keratophyres, brecciation is rarely 
seen. The vesicles are abundant, and are rounded or amygda- 
loidal. All the magnetite seems to liave crystallised in the 
earlier period. As we pass to the quartz-keratophyres, there is 
increasing evidence of the action of silicifying waters, not only 
in the filling of the vesicles with quartz and chalcedony, but in 
the attacking of the rod* itself, the formation of rings of second¬ 
ary silica, quartz or chalcedony around the original quartz-grains, 
and the replacement of small parts of the rock-fabric by a finely 
granular quartz (agate?) mosaic. 

The jaspers associated with the keratophyres are the last pro¬ 
duct of the spilite keratophyre magma. Narrow veins of jasper 
occur in the keratophyre, and large independent masses are 
developed, which were deposited by successive bodies of siliceous 
solutions, rising through fault-planes, inetasomatieally replacing 
the country-rock, and depositing quartz and chalcedony, together 
with the last of the iron-ore, now completely oxidised to hrama- 
tite. The last of the magmatic solutions, too feeble to form 
jaspers, have merely jasperised, and reddened, with haematite, 
the banded radiolarian cherts. 

Thus the evidence of our magnetite-keratophyres series leads 
to the conclusion that they primarily originated by magmatic 
differentiation, but that hydro-pneuinatolysis played an important 
minor rdle. This accords, to a great extent, with the views of 
Hogbom, Stutzer, and Geijer, as to the origin of the Lappland 
rocks. The structures developed have been explained os the 
result of varying degrees of viscosity in the crystallising magma. 
Recapitulating, we have the following table :— 

1. Pure albite-magma, with no vesicles or sign of pneumato- 
lysis. Viscosity extremely high, amounting to partial rigidity; 
brecciation a very marked feature. The trachytic structure is 
probably the result of crystallisation under non-uniform pressure, 
rather than actual flow. 

2. Albite-magnetite-magma, with a few irregular vesicles, and 
slight evidence of pneumatolysis. Less brecciation than in No.l, 
and more evidence of viscous flow, 
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3. Albite-magnotite-quartz-magma, with abundant smooth- 
walled vesicles, and evidence of the presence of magmatic water. 
Still further diminished viscosity, breceiation practically absent, 
and flow-structures more obvious. 

4. Quartz-al bite-magma, with abundant amygdules filled with 
silica, and evidence of the former presence of much magmatic 
water. No sign of breceiation, but every indication of consider¬ 
able fluidity. 

f>. Quartz, chalcedony, and luematite, deposited from aqueous 
solution. 

The knowledge of the relation lietween magma-viscosity and 
chemical composition is at present very imperfeei(40), particularly 
in regard to the quantitative effect of fluxes, such as water; 
nevertheless, the sequence given above seems to accord with what 
might have been anticipated. 

So far, only those jaspers that are immediately adjacent to the 
spilites or keratophyres can be said to have been derived from 
this source, and such jaspers are as yet known in the Bowling 
Alley Series only. The mode and period of origin of the far 
more abundant jaspers of the Woolomin Series are not yet known. 
They sfiow many of the features common to the other jaspers, 
though they are more uniform in character, and less vein like. 
The writer concurs with Professor David's present opinion, that 
they are mainly of secondary origin, alteration-products or meta- 
somatic replacements of country-rock. They can hardly be 
merely ferruginous, abyssal oozes, as formerly suggested. 

The formation of ferruginous jaspers and iron-ores by solutions 
derived from spilitic magmas is not without analogy. The same 
mode of origin has been claimed for much of the Take Superior 
iron-ore(37), as also for the ores of the llhenish Schiefergebirge 
in Germftiiy(39) and elsewhere. In these cases, however, the 
iron-bearing solutions are believed to have escaped from basic 
lava-flows, and not after extreme differentiation. 

Difficulties arise when one endeavours to determine the con 
ditions under which the series of eruptions took place, which 
produced the rocks described, 'Jhe spilite-pillows must have 
invaded sediments that were still watery, and capable of fluid 
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movement; therefore, the magma must have come near to the 
surface (the sea-bottom), during the period of deposition. The 
more deep-seated magma (the dolerites), encountered consolidated 
sediment, and have rough, shattered lines of contact with the 
rocks they invade. The keratophyres, in particular, must have 
formed at some depth, and only after the complete consolidation 
and some faulting of the specimens. But the strati graphical 
record shows that there was no important faulting or folding 
from Middle Devonian to Lower Carboniferous times, and we 
must accordingly consider these faults as merely local movements 
around the centres of Middle Devonian, submarine, igneous 
activity. 

The discovery of the aggdomeratic keratophyre, between Silver 
Gully and Pipeclay Creek, throws some doubt on the former 
assumption of a single ejectamental origin of the “tuffs,” “brec¬ 
cias,” and “agglomerates” of the Devonian stratigraphical suc¬ 
cession. When first these rocks were discovered in the Tam worth 
district, they were considered as sills by Professor Davidl38), 
though later, upon the evidence of their microscopic structure, 
he stated that they were tuffs, and termed “intrusive tuffs” 
certain occurrences in which the relation of the igneous to the 
sedimentary rock seemed to be an intrusive one. More recently, 
the so-called tuffs in the Silurian Series, east of the Jenolan 
Caves, have been proved by Mr. Sussmilch to be really strongly 
differentiated, intrusive porphyries full of inclusions, not only of 
cognate igneous rocks, but of fossiliferous limestone, and the 
enclosing cherts and slates. The writer has seen these, under 
Mr. Sussmilch’s guidance, and has noticed some analogy (first 
suggested to him by Professor David) between them and the 
agglomeratic rocks of the Tam worth Series. This analogy does 
not amount to a parallelism, however. In an earlier communica¬ 
tion, the writer suggested that the apparently intrusive character 
of the acid tuffs into the Devonian chert might be due to the 
drying and cracking effect of hot ash falling on to damp mud. 
Other exposures have now been found, in which this explanation 
is inapplicable. In Swamp Creek, for instance, is a mass of acid 
igneous rock, resembling what has been termed “acid tuff,” but 
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clearly intrusive into the chert, and containing fragments of 
Heliolites^ etc. Microscopically, it is entirely crystalline, and 
consists of shattered and corroded grains of quartz and alhite in 
a finely granular felsitic mosaic. One may also recall the brec- 
ciated keratophyre that passes into calcareous agglomerate near 
Silver Gully. Another significant feature is the almost entire 
absence of glassy matter from these “tufts” and “breccias,” and 
the frequency with which fragments of keratophyre, and even 
raagnetite-keratophyre occur in them They have been found in 
the “ tuffs ” of the Moonbi, Attunga, Manilla, and Bingara dis¬ 
tricts, and also in the Baldwin Agglomerates. Though, at first- 
sight, the term “intrusive tuff” may seem a contradiction in 
terms, yet intrusion-breccias are well known, and considerations 
similar to those explaining the close relation of intrusion and 
extrusion in suboceanic vulcanicity (see p. 124; may assist in the 
explanation of this apparent anomaly. 

Further evidence from the field and laboratory is necessary, 
before these rocks can be profitably discussed. 

Summary and Acknmvledyments. - The spilitic series of erup¬ 
tions in the Nundle district included spilites, dolerites, and 
keratophyres. So far as can be seen, they are all intrusive into 
the sediments, and certain spilites intrusi\e into soft muds, 
have produced pillowy masses. They are nearly all rich in 
albite, which appears to be chiefly primary. They do not show 
at all clearly the evidence for the secondary character of the 
albite described by Messrs. Flett and Dewey, or that noted by 
Termier ; nor is there evidence that the soda-content of the 
magma has been segregated in the manner discussed by Daly. 
Magnetite-keratophyres occur,and their development was brought 
about by magmatic differentiation assisted by pneumatolysis. 
Many of their features recall the magnetite-syenite-porphyries of 
Lappland. An attempt is made to explain their varied struc¬ 
tural features by a consideration of magma viscosity. The forma¬ 
tion of ferruginous jasper-veins is described as a post-volcanic 
process. No complete account can yet be given of the mode of 
eruption of the rocks, and, in particular, of the manner of forma¬ 
tion of the associated breccias. 
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APPENDIX. 

Addenda and Corrigenda to Parts i., ii., iii. 

Owing to the writer’s absence from the State, it was impossible for hint 
to see the proofs of the drat three Parts of this series, and he regrets that 
a considerable number of errors appear in the published work. The fol¬ 
lowing corrections should be made 

Part i. 

P.490, line 19 above the base—after 11 study ”, read 44 over wide areas ". 
P.499, line 9—for “ schlueteri ”, read 44 schluoteri ”. 

P.504—delete the last sentence. 

P.511, line 3—for 44 peridolites ”, read 44 peridotites ”. 

P.516, reference 16—for “ opiolischen ” read “ophiolifcisohen ”. 

Part ii. 

P.575, line 10—for 44 lens ” read 44 limestone ”, 

P.576, line 21-for •• 1000”, read 44 2000 
P.681, line 2-for 44 they are”, read 41 it is”. 

P.582, line 39—for 44 hartzbergite ”, read 41 harzburgite”, 
line 34—for 44 herzolite ”, read 14 therzolite ”. 

P.592, line 5-for " (33). No ”, read 44 (33), no),”. 

P 594, line 18—for 44 Nundle”, read 44 Woolomin ”, 

PI. xxii.—The colouring denoting the Woolomin Series has been extended 
over the zone betwoen the serpentine-line and the eastern limit of 
the Nundle Series. This zone consists of the rockB of the Bowling 
Alley Series. A small patch of serpentine has been omitted; it 
occurs a mile south of Cope’s Creek, co-linear with the other masses 
of serpentine. 

Part iii. 

P.663, line 10 from base—delete 44 primary or secondary”. 

line 2 from bate—delete 44 mineraloglcal and ”. 

P.664—delete the first footnote. 

P.664—ia eeoond footnote, for 44 Mining Museum”, read 44 University 
Museum 
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P.668, line 8-for w (36) f % read “(34)”. 

P.671, line 1—for “bending”, read “banding”. 

P.671, line 29—for “ marks ”, read “ makes ”. 

P.672, line 22—for “chrysolite”, read “chrysotile 
P.642, line 31—for “ bastite ”, read “ magnetite 
P.673, line 31 — for “ chrysolite ”, read “ chrysotile ”, 

P.675, line 15—after “ makes ”, read “ conspicuous ”. 

P.676, line29—for “3 1 ”, read “5 1”. 

P.678, line 3—for “ chrysolite ”, read “ ohrysotile ”. 

P.691, line 7—for “ Narsatas”, read “ Nacatas”. 

P.692, line 10—for “ Narsatas ”, read “ Nacatas”. 

P.702, line 13—for “sanidine”, read “ andesine”, 

P.704 —Analyses 2 and 3 have been interchanged. “ Spllite, Tregidden ” 
is that oominenoing with SiO t 47*56% (to which must be added 
Fe T S t 0*06%). “Spilite, Mullion Island” commences with SiO, 
48*58%). Analysis 4 (M.B. 12) CaO and MgO interchanged, read 
MgO 9*00% CaO 7*46%. 

Analysis of pitchstone—for Walkom, read Browne. 

P.705—Correct:— 

N.T.383—for 100*42, read 101*33. 

N.T.280—for 99*99, read 98*69. 

M. B.197—for 99 89, read 99*79. 

N. T.321—for 101*68, read 101*71. 

P.706, N.T.118- for 99*31, read 99*39. 

P.706, M.B.36—for 100*81, read 100*89. 

P.708, Rodingite, Dun Mt.—delete Ni0o0 028%. 

P.720, line 6—for “ fossiferous”, read “ fossiliferous.”. 

P.721, line 21—for (p. ), read (p.668). 

P.722, line 17—for “ some ”, read “ come ”. 

P.723, Explanation of Plate xxvii.— Figures 5 and 6 are interchanged. 

• The following points may be noted, in which some modification or addi¬ 
tion is required in the statements made ;— 

P.496—The stratigraphical disturbance in the Nutidle region is greater 
than formerly realised, and the details of the succession must be 
taken with reserve. Particularly is this the case with regard to the 
breccias. 

P.497—The abundaaoe of flows of spilite-lava has been disproved in the 
communication herewith. Recent work shows that the identity of 
Bowling Alley Point limestone with that of Tam worth and Moore 
Creek can no longer be maintained. The absence of medium- 
grained tuff from the Tamworth Series is opeu to question. 
p.500—-The conformity of the Baldwin Agglomerates on the Tamworth 
8eries has now been proved. 

Pp.676 and 580—See note to p.496. 
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P.573—Abundant radiolaria have now been found in lenticular limeatone 
beds in the clay shales near Nundle. 

Pp.578-0—'For reasons given in the paper herewith, the explanation 
suggested for the mixture of tuff and chert is withdrawn. 

P.592—.Another small pipe of basalt, about fifty yards in diameter, ooours 
by Hyde’s Creek, at the western side of the alluviated plain. 

P.676—The conclusion that serpentine does not increase in density to a 
noteworthy exteut in passing from chrysotile into antigorite is open 
to question. Professor Becke* and Professor Grubenmannt hold 
the oontrary view. The former gives the speoifio gravities of 
ohrysotile and antigorite as 2*57 and 2 64 respectively; the latter 
gives 2'50 and 2 60. Leitmeier’s collection of data on this points 
shows that the evidence is rather incomplete. 

P.680, line 25—Near the head of Oakenvillo Creek at Hanging Rock is a 
pyroxenite that consists almost entirely of diallage, together with 
a little hyperstheue (1168). 

P.696, line 6—To the list of porphyries may be added the following 

Quartz-miea-porphyrite occurs on the eastern side of Munro’s 
Creek. It is a grey rock, spangled by abundant plates of biotite. 
Under the microscope (1173), it shows idiomorphic plates of biotite, 
which is almost uniaxial, and contains abundant inclusions of zircon 
which are surrounded by dark haloes, also apatite and magnetite. 
A few phenocrysts of plagioclase and quartz are also developed. 
The base consists of finely divided plagioclase, with a little quartz 
and prisms of apatite and minute flakes of biotite. Carbonates occur 
in abundance. In hand-Bpecimen this rock resembles a minette. 
P.698, line 28—InsertAn odinite dyke( 1059) intersects the spilite on 
the Hanging Rock road. It is remarkable for the frequency with 
which the augite crystals occurred twinned on the (101) and (122) 
planes, producing cruoiform or star-like aggregates. 

P.703—The detailed account of the Tertiary voloanio rooks of the Western 
Coalfieldg shows their identity with the basalt-thoralite teschenite 
series of rocks which are developed in the Liverpool and Mount 
Royal Ranges. The list of analyses giveu is especially worthy of 
attention. 

* Beoke, Die Krystal linen Schiefer. 1. “ Ueber Mineralbeatand und 
Struotur.” Denkschr. Matt.-Naturw. Klasse, K. Akad. der Wiss. Wien, 
1903, p.21. 

fOrubenmann, Die Krystallineo Sohiefer, Beoond Edition, p.55. 

$ Leitraeier, Article on “ Serpen tin.” Handbuoh der Mineralcbemie, 
Bd. ii., pp.387*403. 

|J. K. Carne, Memoirs of the Geological Survey of New South Wales, 
No,6, pp.71-152, and list of analyses on p.93. 
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DESCRIPTION OF PLATES XXV. XXVII. 

Plate zzt. 

Fig.l.— Interaertal Quartz-albite-dolerite(1065); centre of Hanging Rock. 
( x 20), polarised light. 

Fig.2.— Ophitlo and spilitic albite-dolerite(1028); west of Swamp Creek 
Falls, (x 20). 

Fig.3.—Glomero-porphyritio spilite (155); Woolomln Series, Muuro's 
Creek. (x 12). 

Fig. 4.—Spilite with basaltic taxture( 1029); narrow sill in Moonlight Creek. 
(x30). 

Fig.5.—Holocrystalline spilite(1055); oentral part of pillow, Happy Valley. 

(x20). 

Fig.6.—Hypocrystallinespilite(1015); narrow sill(?), Munro’sCreek. ( x24). 

Plate zzvi. 

Fig.7. — Variolite(1025); margin of a pillow, Swamp Creek. (x30). 

Fig.8. — Hypohyaline semi-variolite (1030); outer margin of pillow, Swamp 
Creek. (x 12). 

Fig.9.—Variolite with rod-like struotures(1034); Munro’s Creek. ( x30). 

Fig. 10,—Micro-ellipsoidal spilite(1044); margin of pillow, Happy Valley. 

(x30). 

Fig. 11.— Keratophyre(541); Hanging Rock. (x80), polarised light. 

Fig. 12. — Magnetite-keratophyre( 1075); Hyde’s Creek. ( x 30). 

Plate xxvii. 

Fig. 1.—Magnetite-keratophyre( 1186); Hyde’s Creek. (x|). 

Fig.2.—Quarta-keratophyre(1088); Silver Gully, polarised light. ( x60). 

Fig.3.—Nodular magnetite-keratophyre(1096); Hyde’s Creek. (x9). 

Fig.4.—Magnetite-keratophyre( 1100); Hyde’s Creek. (x 18). 
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Introduction and previous Literature. 

Tamworth, now a prosperous town of more than nine thousand 
inhabitants, is one of the old country-towus of the State. It 
lies on the Peel River at the foot of the Moonbi Ranges, almost 
due north of Sydney, and at a distance therefrom by rail of two 
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hundred and eighty-two miles. Though 6mall amounts of gold 
and copper have been discovered in the neighbourhood, it has 
never been in any way a mining centre, and its prosperity has 
been due to its pastoral and agricultural industries. In this 
respect, the district falls into three divisions : the hilly north¬ 
eastern part, composed of granite and slaty rocks; the gently 
undulating south-western part, chiefly made up of clayslates; 
and the wide flood-plains of the Peel and Cockburn Rivers that 
intersect the district. The first two of these divisions were 
devoted to sheep- and cattle-raising, and to a small amount of 
dairying, but now, much of the second division, and the flatter 
portions of the first, are devoted to the cultivation of wheat. 
The deep alluvium on the flood-plain produces abundant crops of 
lucerne. 

The district first attracted the attention of geologists when 
the Rev. W. B. Clarke passed through it in 1852, on his way to 
investigate the gold-fields of Barraha and Bingara. He noted 
the large masses of limestone on Moore Creek, to the north of 
the district, and compared them with the Devonian limestones 
in the Murruinbidgee valley(l). His collections of fossils were 
described by Professor De Koniuck of Li&ge(2), whose results, 
first published in 1876-7(2), were translated into English, and 
appeared as a Memoir of the Geological Survey of New South 
Wales(3). He described five species of corals as coming from 
Moara or Mowara Creek, north of Tam worth. A little doubt 
has arisen as to the spot indicated by this name(ll), but there 
seems no reason to think it other than what is now termed 
Moore Creek. In his reports, Clarke rendered the original name 
of the stream by the spelling “Moura” or “Mouara,” and an old 
map shows the name “Mooar.” 

Very little geological work was done in the district for the 
next forty years, though collections were made by Mr. D. A. 
Porter, of Tam worth, of the minerals and fossils of the district, 
among which he found hyalite occurring with chromite at 
Moonbi(4), and a new species of coral, described by Mr R. 
Etheridge, Juntas Diphyphyllum porteri, in the limestone in the 
Tamworth Common(fl). 
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In 1893, in an address to this Society, Prof. David suggested 
that the jasperoid slates of the Bingara, Barraba, and Nundle 
District, which pass through the eastern portion of the area now 
under discussion, may he altered abyssal deposits(6). Three 
years later, he discovered that, not only do the jasperoid rocks 
contain numerous spherical casts, probably replacing radiolaria, 
but there is a large development at Tam worth of claystones and 
cherts, and siliceous limestones, containing abundant radiolarian 
remains, which he briefly described(7). He stated that there 
appeared to be two beds of coral limestone, one of which was 
greatly altered by the metamorphosing effect of the New England 
granite. The thickness of the limestone he placed between 100 
and 1000 feet, and added four more forms to the list of fossils. 
He further remarked : “ The claystones and cherty rocks, both 
above and below the limestone, have also been much altered by 
innumerable granite sills for a zone over five miles in width 
measured at right angles to the junction line between the sedi¬ 
mentary rocks and the granite. . . . The sills vary from a frac¬ 
tion of an inch up to several feet in thickness, and at first sight 
have every appearance of being regularly interstratified with the 
sediments. A careful examination, however, at once revealed 
their intrusive character, as they trespass slightly across the 
planes of bedding, and have slightly altered . . . the sediment¬ 
ary rocks both above and below them.” In another paper he 
said : “The whole zone for several thousands of feet iB half sill, 
half sediment.”(8) So far, however, these apparently intrusive 
rocks do not appear to have been subjected to microscopical 
examination. 

In 1899 appeared the classical paper on this district, namely, 
the account given by Professor David and Mr. Pittman con¬ 
jointly^). With this there is a geological map of the area. 
The authors showed that there is an anticline in the valley of 
Seven Mile Creek, east of the town, and adjacent to the bound¬ 
ary of the granite. Metamorphosed limestone occurs on either 
side of the axis. Above this, there continues a series of radio¬ 
larian cherts, claystones, and lenticular patches of limestone, 
interspersed with igneous rock. This dips steadily to the west, 
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and a thickness of 9,260 feet is stated to occur between the 
anticlinal axis and Spring Creek in the Tamworth Common. 
Here is a great fault, east of which the limestones appeared 
again, followed by more radiolarian sediments and interstratified 
igneous rocks. This limestone is shown to be on the same horizon 
as that at Moore Creek, and is believed to be also the equivalent 
of the limestone in &even Mile Creek. The microscopical ex¬ 
amination of the igneous rocks made by Mr. Card having 
revealed their clastic nature, they are now stated to be felsitic 
tuffs, but it is still held that they are often intrusive or crushed 
into the sediments, and pictorial evidence of this is given. The 
new view, however, removed them from any direct relation with 
the Moonbi granites. While formerly Lepidodendron was found 
only above the radiolarian rocks, it was now shown to occur 
within them. On the grounds of the association of the radio- 
larian chert with coral limestones, the absence of coarse terri- 
ginous sediments, the abundance of plant-remains, and the 
presence of ripple-marking, it was concluded that the radiolarian 
rocks “were deposited in clear sea-water, which, though suffi¬ 
ciently far from land to be beyond the reach of any but the finest 
sediment, was nevertheless probably of not very considerable 
depth.” Finally, they discovered certain coarse agglomerates on 
the hills to the north of Tamworth, which they considered to be 
unconformable on the clayslates, and probably the basal beds of 
the Carboniferous System. 

The radiolaria in these rocks were investigated by Dr. Hinde, 
who described fifty-three species, all new to science(lO). This 
does not exhaust the radiolarian fauna of the district, however, 
for additional forms, not yet described, have been noted by Pro¬ 
fessor David and Dr. Jensen.* 

The fossils in the limestones at Moore Creek, Tamworth, and 
Moonbi, collected by xMessrs. David, Pittman, Porter, Beedle, 
and Etheridge, were described by the last-named, who found 
nineteen species of corals to be present, most of which were new 
to science. He considered that the limestone of Moore Creek 


Verbal communication. 
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probably much nearer to the true stratigraphical succession, 
though even here are faults, the extent of which cannot yet be 
determined, which render all estimates of relative thickness of 
strata very unreliable. The absence of many good horizons, and 
the lateral variation of some of the formations are additional 
causes for uncertainty. On this account, we can no longer 
accept, as final criteria, the distinctions previously made between 
the cherts of the Tamworth Series and the mudstones of the 
Barraba Series, or between the pyroclastic rocks of the B&rraba 
and Tamworth Series and the Baldwin Agglomerates. In spite of 
this, however, the general facies of a series of associated rocks is 
usually conclusive. Tt lias been found necessary to separate 
the limestones of Moore Creek and Tamworth from those in the 
Moonbi (JNeraingha) district, the stratigraphical evidence con¬ 
firming Mr. Etheridge's conclusion, drawn from palaeontological 
evidence, that the latter were on a lower horizon. There is 
reason to believe in the occurrence of a third limestone-horizon, 
the relation of which to the limestone of Moore Creek is not yet 
obvious. The three limestone-horizons have been termed the 
N«-mingha, Moore Creek, and Loomberah horizons respectively. 
The last-named is as yet but little known, and its description is 
reserved until the study of the Parish of Loomberah is made. 
The several divisions of the formations developed will now be 
discussed in chronological order. 

1. The Eastern Series , partly of Lower Devonian aye. 

It has been assumed in previous papers, that the rocks east of 
the serpentine, comprising jaspers, and phyllites, are largely 
of Lower Devonian age, and, to the Lower Devonian rocks proper, 
the name Woolomin Series has been applied. Unfortunately, 
they are so intensely folded and faulted, and have thrunt in 
among them so much that seems to be derived from the Middle 
or even l/pper Devonian Series, that it has not seemed worth 
while, at present, to attempt to disentangle the Woolomin Series 
from the others, if such a series should really exist. The 
whole complex, therefore, will be considered together under 
the term Eastern Series. The following discussion refers only 



BT W. N. BENSON. 


547 


to the nature and distribution of the several types of rocks 
developed. 

One of the most striking features is the presence of a large 
amount of basic rock. This forms long intercalations scattered 
throughout the Eastern Series as shown (diagrammatically) on the 
Map(Plate 1.). These consist of tuffs, breccias, and spilitic rockB, 
many of which, though more or less altered, are very similar to 
rocks occurring in the Middle Devonian Series. In the neigh¬ 
bourhood of the granite, they have been changed, into amphi¬ 
bolites, the zone of metamorphism extending from half a mile to 
a mile from the granite. This amphibolite occurs, for instance, 
in the north-eastern corner of the Parish of Nemingha, inter¬ 
calated with mica-schist, and other masses run southwards 
through portion 155. Where the basic rocks cross the creek in 
portions 147 and 190, they form several narrow bands of spilite 
interstratified with jasper and chert. There is no clear evidence 
of pillow-structure, but some suggestion of it. South of this, 
spilite crosses Spring Creek as a thick band, partly schistose, 
partly massive, with some trace of pillow-structure. It is inter¬ 
sected by bandBof jasper, and interstratified with highly crushed 
banded cherts, and with tuff-breccias like those of the Middle 
Devonian Series. 

South of the watershed of Spring Creek, is a sharp hill, marked 
by a thicket of pine-trees. Here the rock is quite different, 
partly a tuff-breccia, partly a rather devitritied flow-breccia, of 
which the brown glass contains crystals of quartz and altered 
felspar, and pseudomorphs after felspar-augite. This zone of tuff- 
breccia is of great width, and is interstratified with cherts. It 
extends southwards across O&key and Nemingha Creeks, in the 
beds of which it is well exposed. Many masses of spilite occur 
with some approach toward a pillowy structure, and intersected 
by abundant veins of secondary chert. The basic breccia is 
cemented into a uniformly resistant rock, which makes bold 
rounded outcrops. 

A very perplexing hill is that east of the northern end of the 
serpentine-belt. At its western base is a large mass of altered 
basic rock, probably of Middle Devonian age. Above these are 
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flne grey rocks of qu&rtzitic appearance, and greener masses, like 
altered tuffs and greywackes. Higher up, the quartzitic rook 
becomes more coarsely granular, and contains scattered crystals 
of felspar, and it is intersected by an occasional vein of jasper. 
The microscope reveals that the greenish rocks are highly altered 
siliciAed and strained tuffs, while the rocks of a quartzitic ap¬ 
pearance are chiefly much crushed and metamorphosed kerato- 
phyres of a type that finds no analogy among the rocks of the 
Middle Devonian Series. All the rocks of this hill seemed to 
have been recrystallised under the metamorphosing influence of 
the adjacent granite. The details of the petrography are given 
below. 

About a quarter of a mile south of this, is a large mass of 
tuff-breccia, lying cast of the serpentine, but very closely re¬ 
sembling some of that to the west in the Middle Devonian 
Series. 

The purely sedimentary rocks, in addition to the banded 
cherts, are jaspers, phyllites, rarely so fissile as slates, and gener¬ 
ally pale brown or green in colour. These pass into jaspers, or 
are veined .or interstratified with jasper. There is no exact 
analogy for these rocks among those of the higher series, unless 
they are derived from the Upper Devonian mudstones, which 
seems unlikely. It is these rocks, if any, that are to be con¬ 
sidered of Lower Devonian age. It is quite impossible to esti¬ 
mate their thickness. 

2. The Tamworth Series of Middle Devonian age. 

The main interest in the stratigraphical portion of this paper, 
lies in this division of the geological record. We cannot yet, 
however, be certain as to the relative thicknesses of the subdivi¬ 
sions that have been adopted. The zones proposed depend partly 
on their lithological character, partly on the fauna of their 
associated limestones. In place of the single horizon of limestone 
formerly recognised, three are now believed to be developed, 
though the position of one of them is scarcely known at present. 
The three, in probable chronological order, are as follows: the 
Nemingha Limestone, the Loomberah Limestone, and the Moore 
Creek Limestone. 
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To see the succession most clearly, we must commence at the 
anticline in the valley of the Seven Mile Creek, and follow west 
along the line of section described by Messrs. David and Pittman. 
The lowest beds are radiol&riau claystones, in places more or less 
cherty, and associated with several bands of tuff. Above them 
comes a narrow band of limestone, bent sharply by the anticline. 
It is not more than fifty or a hundred feet thick, and is so altered 
by the contact-effect of the adjacent granite, that its fossil-con¬ 
tent is scarcely recognisable. The presence of Favosites, Alveo¬ 
lites, Diphyphyllum , and a pentaraeroid shell, was noted by the 
previous observers. For reasons which will appear subsequently, 
this limestone is considered to be on the same horizon as that 
which we have termed the Nemingha limestone. It is associated 
with more or less tuffaceous material. Above this commence 
the great thicknesses of radiolarian cherty claystones with 
lenticular, interbedded, radiolarian limestones, and vast quanti¬ 
ties of pyroclastic material, that form the bulk of the Middle 
Devonian Series. Not far above the limestone, however, is 
frequently found a finegrained, grey, quartzitic rock, and, above 
this, is the greatest and most persistent of the zones of igneous 
rock. In this portion of the district, the Igneous Zone is com¬ 
posed chiefly of pyroclastic rock, though, elsewhere on this 
horizon, large masses of spilite and spilite-porphyry are developed. 
For convenience of reference, all the Tam worth Series up to and 
including the Igneous Zone are here classed as the Lower Middle 
Devonian Series. 

The Upper Middle Devonian Series, above the Igneous Zone, 
consists of a great thickness of cherty radiolarian claystone, and 
banded cherts, with lenticular masses of radiolarian limestone, 
interstratified with pyroclastic rocks. This extends uninter¬ 
ruptedly up to the base of the Baldwin Agglomerates in the 
Upper Devonian Series. If we anticipate the discussion of the 
distribution of thiB series, however, it will be seen that, on two 
horizons in this sequence, limestone might occur. Northwards 
of Messrs. David and Pittman’s line of section, the large mass of 
limestone on Moore Creek will be found to lie among radiolarian 
cherts above the Igneous Zone, but far below the Baldwin 
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Agglomerates. The horizon so determined is taken as the Moore 
Creek limestone horizon. South of the limits of the present 
map, in the Parish of Loomberah, is a richly fossiliferous lime¬ 
stone also occurring a short distance above the Igneous Zone, 
but differing in character from the Moore Creek limestone. This 
is accepted as marking another horizon, that of the Ijoomberah 
limestone. Very little is known of it as yet, and its relation to 
the Moore Creek limestone is undetermined. The presence of 
this limestone in the area covered by the present map is not fully 
proved, though two unfossiliferous masses in the south-eastern 
corner probably belong to it. 


Fossils of the Tamtvorth Series .—The fauna of the Ncmingha 
and Moore Creek limestones is tabulated below : — 


Nemingha Limestone. 
Lower Middle Devonian. 

Favosiles yothlandica var. 
moonbiensis . 

F. mnltitabulata. 

F. pittmani . 

F. sp., ctforbesi. 

*F. sp.nov. a* 

*F. sp.nov. fi. 

* Stromatopora sp. 
*Stromatoporella{ t t) sp. 

* Diphyphyllnm porteri . 


Moore Creek Limestone. 
Upper Middle Devonian. 
*Lithistid Sponges (several un 
determined species). 
Fatmites yothlandica. 

F. basaltica var. salebrosa. 

F. squamulifera. 

*F. sp., cf. pittmani. 

F. crummeri . 

*F. reticulata. 

*F. sp.nov. y. 

*F. sp.nov, 8. 

Stromatopora sp. 
Slromatoporella(l) sp. 
Diphyphyllnm jwrteri. 

*D. yiyanteum. 

D. robustum, 

*D. sp.nov. 

Spongophyllum yiyanteum. 
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* Try plasma, sp.t 

* Sanidophyllum davidis. Sanidophyllum ddvidis . 

* Alveolites sp. Alveolites mbcequalis. 

Litophyllum konincki. 

*L. sp.nov. 

Actinocystis cornu-bovis 

* Cyathophy/lum , sp.nov. Cyathophyllum obtoi'tum. 

Microplasma parallelum . 

* Heliolites porosa. Heliolitea porosa . 

*ff. sp., cf. intcrstincta, 

*Syringopora sp. Syringopora auloporoides . 

portcri, 

*Monticuliporoid. 

Crinoid-stem ossicles. Crinoid-stem ossicles. 

Pentameroid bracliiopod. *Pentamerus sp., cf. knightii 

*Athyris sp. 

*Zyyospira sp. 

*Codo8pira( < l) sp. 

*Atrypa sp. 

* A viculopectentf) sp. 

*Gyclonema sp. 

Indeterminate gasteropod, * Vetotuba sp. 

four inches long. 

In drawing up this table, the writer has had the privilege of 
using the collections of Mr. T. England, B.A., of Tam worth, and 
Mr. S. M. Tout, to whom he is greatly indebted, and, in these 
as well as in his own, occur several forms, kindly determined by 
Mr. W. 8. Dun, which do not appear in the earlier lists. These 
have been marked with an asterisk. 

It may be advisable to call attention to the points of difference 
in the two faunas. The Nemingha limestone is characterised by 
the abundance of Favorites multitabulata and of F. pittmani . 

t Mr. Etheridge state* that this species is very like T. lonsdalia var. 
scalariformit, which he has already recorded from the Nemingha Lime¬ 
stone (Memoirs Geol. Survey of N.8.VV. Palaeontological Series, No.I3, 
p.Sl). He is preparing a description of this form, with others collected 
from the Devonian rooks of the Great Serpen tine-Belt. 
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StromcUopora is fairly common, and a form of Heliolites , that is 
apparently not porom , is occasionally present, while a certain 
species of Tryplasma is rather common The other forms are of 
less stratigraphical importance, and Sanidophyllum , though occa¬ 
sionally present, is very rare. The Moore Creek limestone is 
characterised by the abundance of Sanidophyllum davidis , Spon - 
gophyllum giganteum , Actinocystis cornu-bo vis, Syringopora aulo- 
poroides , Litophyllum konincki , and Heliolites porosa , the last 
often forming very large masses. All these forms are rare or 
not developed in the lower limestone. 

The study, by Dr. Hinde, of the radiolaria of the Middle 
Devonian Series included the description of fifty-three new 
forms(lO); others still await description. 

The Upper Middle Devonian cl ay stones, but not, so far as is 
at present known, the Lower Middle Devonian, contain numerous 
casts of Lepidodendron australe , both in its normal form, and in 
the Ariorria-condition. It may be found especially in Long 
Gully, and also in Loder’s Gully, but is not so abundant here as 
it is in the Upper Devonian rocks. 

Distribution of the Lower Middle Devonian Rocks .—Taking 
the limestone (associated with tulT), the cherty and quartzitic 
rocks, and the Igneous Zone as the characteristic rock-types of 
the Lower Middle Devonian Series, let us trace them northwards 
and southwards from the above-mentioned line of section, to 
ascertain the structure of our area. The northward-pointing 
arch of the limestone in the anticline in Seven Mile Creek, is 
met by another pointing southwards, and very sharply bent. 
Its two branches are close together, and, traced northwards, 
appear at intervals all the way to Moore Creek. They form 
narrow, lenticular patches generally closely associated with pyro¬ 
clastic rocks, and frequently completely surrounded by them, or 
appearing merely as large or small inclusions of limestone in a 
mass of pyroclastic rock. This passage of a band of limestone 
into an igneous breccia containing fragments of limestone is a 
constant feature of this horizon throughout the whole of the 
Serpentine-Belt, as was pointed out in earlier papers, and is 
particularly well exhibited in the Nundle District(i3). It is also 
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seen in the Middle Devonian Series of the Dillenburg district, in 
Germany^®), in the Carboniferous formation of the Isle of 
Man(19, Vol. ii., p.25), and elsewhere. As will appear later 
(p.574), the same structure is developed in the Ordovician Series 
of the West of Ireland, iu association with a varied group of 
rocks, some of which are remarkably like those of the Middle 
Devonian formation of New South Wales(BO). 

The various outcrops of limestone do not join up regularly 
into two lines continuing the branches of the Seven Mile Creek 
anticline. Sometimes three lines are present, sometimes only 
one. The groy quartzite appears here and there in small amount. 
The occurrences of pyroclastic rocks, which are indicated on the 
map in a generalised manner only, are equally irregular in their 
development, though all are approximately parallel. The dip of 
the rocks is very steep (60°-85° to the N.E. or E.N.E.), and the 
exposures in the steep easterly-flowing gullies show much shear¬ 
ing and shattering. All these features indicate that the Lower 
Middle Devonian Series in the narrow zone along the margin of 
the granite-massif, is affected by much strike-faulting and repeti¬ 
tion, as well as simple folding. Intrusive into those rocks are 
some small basic sills of porphyrite; that occurring in the south¬ 
western side of portion 158, Woolomol, has phenocrysts of basic 
labradorite, and has suffered very little from the metamorphosing 
effect of the granite when compared with the pyroclastic rocks. 

We return to Seven Mile Creek, and now trace the Lower 
Middle Devonian Series to the south-east. The continuous band 
of limestone ceases by the Loder’s Gully track to Tamworth, but 
is represented beyond this by small isolated lenticular masses 
which run round the wide open valley of Seven Mile Creek, and, 
swinging round in a rough semicircle, are found again in the 
small ridge west of Tinbinhull railway-platform. 

Here the limestone is again associated with a small amount of 
pyroclastic matter. Below the limestone, the regular sequence 
of outcrops of claystones and tuffs curves in a similar manner, 
dipping to the south-west, south, and finally to the south-east* 
To the east of the anticlinal axis, they follow parallel to the 
boundary of the granite, and dip steeply to the north-east and 
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north* They have here undergone considerable metamorphism, 
which has increased their resistance to erosion, so that they form 
a ridge between the granite and the valley of Seven Mile Creek. 
Thus this arching of the strata is not a simple anticline, but an 
ovoid pericline. The discontinuity of some of the beds suggests 
that some faulting is also present, but this cannot be proved 
An apparent thickness of about a thousand feet of strata is ex¬ 
posed below the limestone. 

Above the limestone are, here and there, masses of the fine¬ 
grained quartzitic rock, and a thickness (at Tintinhull) of ap¬ 
proximately four hundred feet of claystones with some radio- 
larian limestones, and a small amount of pyroclastic material. 
Elsewhere this zone is of greater thickness. The angle of dip at 
times is quite small; one has been measured as low as 5° to the 
S.S.W. Above these comes the great mass of pyroclastic rock, 
which makes up the Igneous Zone. It is not more than one 
hundred feet thick at the head of Loder’s Gully, but increases in 
width to the south, the outcrop being more than a quarter of a 
mile across. The very indented outline of this mass is partly 
the result of an interdigitation of claystones and tuffs, but may 
also indicate some repetition of beds by strike faulting. The 
wide zone of pyroclastic rock forms the crest of the ridge between 
Loder’s Gully and Seven Mile Creek, and, swinging round in 
conformity with the limestone, and becoming more coarse in 
grainsize as it turns, it is partly replaced by massive igneous 
rock (porphyritic spilite) about half a mile south-west of Tintin¬ 
hull rail way‘platform. The line of junction of the massive and 
pyroclastic rock is not anywhere visible; indeed, there seems to 
be a passage between the two. On either side of the massive 
rocks is a varying amount of pyroclastic material, usually fine¬ 
grained. It varies somewhat in character; sometimes it has a 
granular base with a grainsize of about 0*5imn., but more usually 
the base is aphanitic and more or less vesicular. Except for the 
presence of vesicles, the rocks are very similar to those which 
occur in the Eastern Series, in the Nundle district^, p.146). 
With these is a finegrained, apparently massive rock, which 
inioroscopical study shows to be pyroclastic. The ynatrix of the 
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rock is the same as that of the more finely granular spilite-por- 
phyrites, and contains some well shaped phenocrysts, but the 
majority of the larger grains, which are only 0*2 mm. in diameter, 
are fragments of albite-crystals. There are also fragments of a 
pilotaxitic, felspathic rock rather poor in ferromagnesian minerals 
(keratophyre), as well as others richer in these minerals (spilite). 
This rock is one of the most finely granular of the rocks which 
seem to have a character intermediate between that of massive 
and pyroclastic types. 

The petrological character of this complex must be our guide 
to further unravelling the stratigraphy of the Lower Middle 
Devonian Series. The wide alluviated valley of the Cockburn 
River obscures any direct linking of the formations across the 
stream, but the exact equivalent of the Tintinhull spilite is 
found to form the small hill in portion 48, Parish of Nemingha, 
by Pullman’s farm. The hill, which is probably divided by a 
fault, consists of two masses of porphyritio spilite, separated by 
a band of pyroclastic material. The upper mass shows some 
indefinite signs of ellipsoidal partings. The dip of the associated 
beds (W. 10* N. at 40°) shows that a syncline exists below the 
river, and that this spilite-mass may well be the same band as 
that occurring at Tintinhull. As this rock was fairly free from 
epidote, it was chosen for analysis, and proves to be thoroughly 
albitic(see No. 1130, p.602). 

Eastward of this hill, are phyllitic claystones and quartzitic 
rocks, resembling those that lie between the Igneous Zone and 
the limestone. But, in place of the limestone, the igneous band 
appears again, southwards from portions 66/148; its reappear¬ 
ance is probably due to a fault, rather than to anticlinal folding, 
as the dip is to the west also. The igneous series hero consists 
chiefly of pyroclastic material, but on its eastern side is a mass 
of porphyritic spilite like that at Tintinhull. The thick pyro¬ 
clastic series extends southwards for over two miles, and forms 
the greater part of the hill, which we will term West Gap Hill 
(see Topographical Map, FI. xlix.). The indented outline of the 
igneous rock, and its repetition, probably indicate the presence 
of a group of strike-faults here. The nature of the rock varies 
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to a certain extent; parts of it are richer than the remainder in 
fragments of keratophyre, and very coarse-grained agglomeratic 
rock, part of which is very ferruginous, occurs immediately west 
of the Gap. Associated with these is a red finely granular to 
aphanitic tuff, that appears quite massive in hand-specimens, 
save for the presence of a few larger fragments. The associated 
cherts are interbodded with tuffaceous material, and the beautiful 
instance of an intrusive tuff, which is discussed below, came from 
this spot. See Text-fig.5 and Plate liii., fig. 10. 

The mass of tuffs and breccias is invaded by a small intrusion 
of dolerite in the southern end of the hill. On the northern end 
of the hill, a spur runs towards the forking of the roads. This 
consists very largely of banded claystones and grey quartzite like 
that at Tintinhull. At the base of the hill, and following up 
the Gap Road, is a series of limestone-outcrops. One of these, 
the large mass exposed in portion 163, was the source of the 
fossils described by Mr. Etheridge from “Beedle s Freehold”(11). 
The limestones north of the Gap are usually grey or white, and 
are more or loss associated with tuffaceous material (see p.675). 
South of the Gap, the limestone has a reddish colour, doubtless 
connected with the presence of ferriferous keratophyres. (See 
chemical analyses, p.611). A small quarry was opened in these 
to.exploit the Neminglia crinoidal marble; several varieties of 
ornamental stone were obtained, of which beautiful examples 
may be seen in the museums of Sydney, particularly the Techno¬ 
logical Museum. [See the coloured illustration in(13)]. The stone 
has not yet been put to much use commercially. This is the 
typical occurrence of the Nemingha horizon, and the strati- 
graphical details mentioned above are the grounds upon which 
it is correlated with the limestone of Seven Mile Creek. For 
some distance south of here, as will appear moye particularly in 
a later communication, the limestone is directly associated with 
massive, brecciated, ferruginous rocks, keratophyres and the like, 
and is separated from the Igneous Zone by a considerable thick¬ 
ness of claystones and cherts. The close approximation of the 
limestone and the Igneous Zone in the Gap must be due to fault¬ 
ing. A small fault is visible by the limestone-quarry, marked by 
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a breccia of red and white limestone. The fauna of this lime¬ 
stone has been tabulated above. 

Directly east of the Ncmingha limestone zone is the largest 
mass of porphyritic spilite that occurs in the district; it forms 
the ridge termed East Gap Hill. This, also, must be correlated 
with the Tintinhull spilite. The southern end of the hill consists 
of pyroclastic rocks, with the seemingly massive, ferruginous 
keratophyre-breceia like that on West Gap Hill. This passes 
without any junction-line into a very vesicular porphyrite, and, 
on the top of the ridge, into a slightly vesicular porphyrite, with 
phenocrysts of albite, and a subvariolitic groundraass of felspar, 
uralite, and chlorite (see Text-tig.4, p.565). Except for the 
greater abundance of the felspar, the mineral-composition is 
exactly that of the spilites of '1 intinhull, and there is little reason 
to doubt that this is but a thicker, and more coarsely crystalline 
portion of the same mass as the other rocks, brought by faulting 
or folding into its present position. The northern end of East 
Gap Hill is occupied by a mass of rather decomposed dolerite, 
which invades the spilite-porphyrite, and extends nearly to the 
Cock burn River. This intrusion is partly albitic, but the greater 
portion contains andesine, or labradorite. We will return sub¬ 
sequently to discuss the manner of origin of the igneous rocks 
of East Gap Hill (p.564). 

Eastwards of this occurrence of the Igneous Zone, we can not 
determine the tectonic structure with any degree of probability. 
No further zones of igneous rock occur, which resemble either 
the spilite-porphyrite, or the ferruginous keratophyre-breccias 
described above. Moreover, the angles of dip of the strata, when 
observable (and this is but seldom^, afford no help, being usually 
almost vertical. However, the large mass of limestone in por¬ 
tion 91 and the eastern end of 88, though too altered for the 
preservation of fossils, resembles that of the horizon last de¬ 
scribed, and may be supposed to be the limestone that should 
occur below the spilite-porphyrite of the Igneous Zone ou East 
Gap Hill. Isolated lenticles of limestone occur on the same 
horizon in portion 168, and are included in a mass of tuff-breccia 
in portion 207, while a possible continuation of this zone is shown 
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by the small patch of limestone in the keratophyres of "portion 
175 (see p.572). The lenticles of limestone that lie about a 
quarter of a mile east of this line, in portions 180 and 216, are 
probably on the horizon of the Loomberah limestone. They are 
white, crystalline rocks, free from pyroclastic impurities, and all 
trace of fossils has been lost. East again of these, there is another 
line of doleritic intrusions, lying along the western side of Spring 
Creek. These may perhaps be correlated with the Igneous Zone. 
If so, we may class with the Nemingha horizon the series of lime¬ 
stones that occur in the creek-valley, and commence to the 
north with the large mass of metamorphosed limestone, in por¬ 
tions 88, 91, aud 118, which is exactly like that described 
above. This is followed to the south by a series of small lenses 
of limestone, generally intimately associated with pyroclastic 
rocks, occurring in portions 12G, 216, and 153. At the southern 
edge of the map in portion 121, is a large lenticular mass of 
white crystalline limestone, quite free from traces of fossils, about 
400 yards long and 60 yards wide. This is probably on the 
same horizon as the limestone that occurred on the boundary of 
portions 180 and 216, and may tentatively be classed with the 
Loomberah limestone. The stratigraphy of the southern end of 
the area mapped is quite indefinite. To complete the tracing of 
the structure-lines, as far as is possible, one may note tliut, east 
of Spring Creek, in portions 113, 119, and 123, is a mass of 
highly altered dolerite, and other basic rocks, which may repre¬ 
sent still another repetition of the Igneous Zone. Further 
repetitions of the rocks of the Lower Middle Devonian Series 
occur, as has been noted above, among the rocks of the Woolumin 
Series, and, together with them, make up the Eastern Series, 
which lies east of the Serpentine-Belt. 

Distribution of the Upper Middle Devonian Koch .—This series 
has been defined as that extending from the Igneous Zone, which 
closes the Lower Middle Devonian, upwards to the Baldwin 
Agglomerates. It includes the Loomberah and Moore Creek 
limestones, but, as these occur at opposite ends of the area 
mapped, their relation to one another is not known. Apart 
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from these limestones, the Upper Middle Devonian Series is a 
monotonous succession of radiolarian claystones and cherts, with 
lenticular intercalations of radiolarian limestone, frequent c&Bts 
of Lepidodendron auelrale, preserved in the radiolarian rock, 
with abundant masses of interstrati6cd and intrusive pyroclastic 
rock, which show spheroidal weathering particularly well in the 
railway-cuttings. The interstratified tuffs may also show casts 
of Lepidodendron or contain radiolaria. 

The limestones which occur at the extreme south-eastern end 
of the map, which, also, have been correlated with the Loomberah 
limestone, and the cherts associated with them, probably belong 
to this series; but the southernmost definite instance of its 
occurrence is afforded by the rocks that form the western slopes 
of West (lap Hill. The zone occupied by the series then follows 
the flexions of the Lower Middle Devonian rocks, bending with 
syncline and anticline, passes up Loder’s Gully, and forms the 
hills by the Tam worth trigonometrical station, and the western 
slopes of the ridge extending to Moore Creek. Here the lime¬ 
stone occurs in abundance, and is the type-occurrence of the 
Moore Creek limestone. Only one band is present, but, as shown 
on the map and sections, (Plates l.-li.) it is much folded, faulted, 
and repeated. The previous writers have stated that the lime¬ 
stone reaches a thickness of 1000 feet, but the writer has not 
seen any section showing a thickness of limestone which one can 
with safety assume to be more than 450 feet. The evidence 
available is too poor to admit of a more definite statement than 
this. The masses of limestone are lenticular in shape, and thin 
out, and disappear about a mile south of the creek. They are 
directly underlain and overlain by radiolarian cherts. 

The greater part of the Upper Middle Devonian Series is 
repeated by the fault that runs along Spring Creek through the 
Tam worth Common, which fault was discovered by Messrs. David 
and PittmanO). This is not a simple fault, however, but a fault- 
zone or plexus. In several places, the faults are made very 
obvious by the fact that the adjacent rocks have been strongly 
silicifled or even metasoraatically replaced by quartz, owing to 
the action of siliceous solutions rising in the fault-fissures. The 
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lowest beds made visible by the fault are the clayshales and 
cherts, immediately underlying the limestone, which is obviously 
of the same character as the Moore Creek limestone, is silicified 
in the same way, contains precisely similar fossils, and is asso¬ 
ciated with similar rocks. The silicification of the limestone is 
very irregularly distributed; portions of some fossils may be 
replaced by silica, a sort of beekite, while the remainder may be 
pure calcite. Again, long or short, irregular, siliceous bands occur 
quite apart from the fossils, or, again, the fossils may be found 
to have merely an outer skin of silicification. The limestones on 
Spring Creek are divided up into small masses, partly, no doubt, 
by the plexus of faults (sometimes marked by fault-breccias), 
but also owing to the fact that they were originally formed as 
small leuticlos, or masses which interdigitated with the clay- 
stones. This is clearly seen in a small cutting below the Cor¬ 
poration’s stone-crushing mill (see Text-fig.2). These claystones 



Fig.2.—Lenticular coral limestone and radiul&rian ulaystone of the Mooie 
Creek horizon, exposed in road-cutting by the rock crushing plant 
on Spring Creek, Tain worth Common. 

are of the normal siliceous type; they are not calcareous mud¬ 
stones, such as one might expect if the coral-reef, that is now 
limestone, had risen to the surface of the sea, and had come 
under the shattering influence of the waves. In this way, the 
Tam worth and Moore Creek limestones differ from the Devonian 
limestones of Ohio, that were described by Grabau, and from 
other limestones of a like characterful). 

Neither the Moore Creek nor the Tam worth limestone-occur¬ 
rences are closely associated with any igneous rock, though a 
short distance above the limestone at Tam worth are a few thin 
bands of pyroclastic rock, and some very narrow layers of fel 
spathic tuff, which show the clearest evidence of their intrusive 
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character. Little veins, that break across the stratification of 
the claystones, project outwards from the otherwise apparently 
inter bedded tuff. It was first pointed out to the writer by Mr. 
Aurousseau, B.Sc., that one of the bands of igneous rock about 
a yard in width, though no different to the naked eye from the 
normal fine-grained tuff, was really a massive and thoroughly 
albitised spilitic dolerite. Though a number of other fine-grained 
igneous rocks in the Upper Middle Devonian series have since 
been subjected to microscopic examination, this is the only 
massive rock yet found in that series. It occurs in the road* 
metal-quarry, at the southern end of the ridge beside the creek. 
In this quarry, and in that adjacent to it, are the most accessible 
examples of the interbedded lenticular radiolarian limestones. 
They occur up to six feet in length, and nearly two feet in width, 
but the majority are smaller than this. Some sign may at times 
be seen of a structure that has been most clearly observed in a 
limestone-lens at Nundle, namely, that the same lines of strati¬ 
fication as are in the adjacent mudstone continue right through 
the limestone, but are much further apart here than in the clay- 
stones. The bedding-planes of the claystones, therefore, appear 
to bend inwards at either end of the limestone-lens, and thus to 
follow its outline (see Text-fig.3) Presumably the lens was 



Fig.3.-—Lentiule of Radiolarian Limestone. 


formed by segregation of lime in the soft unconsolidated muds, 
which have subsequently been much more closely compacted by 
pressure of overlying sediment, etc, than the solid lens which 
had formed in tliem. 

Below the limestone at the southern end of its outcrop, is a 
small anticline noted by the previous authors. It seems, how- 
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ever, to be most probably only the dragged-down edge of the 
strata adjacent to the fault. 

West of this lim&stone-horizon, is the monotonous series of 
claystones and lenticular radiolarian limestones extending to the 
foot of.the ridge between the Moore Creek and Manilla roads, 
which ridge is composed of the Baldwin agglomerates. For this 
reason, the claystones must be correlated with the eherty rooks 
that lie below the agglomerates, at the mouth of Long Gully, and 
would, therefore, indicate that a variation of the degree of silioi- 
fication may occur when a series is traced along the direction of 
the strike. Such variation is, indeed, very common in the rocks 
of the Upper Middle Devonian Series, and often causes uncer¬ 
tainty as to the proper correlation of isolated occurrences. 

The repetition of the Upper Middle Devonian Series is found 
again on Moore Creek, where the limestone itself is repeated in 
the small hill in portions 41, 4*2, 43 of the Parish of Woolomol, 
which is the top of an anticline. This limestone is exactly 
similar in all its features to the other large mass of limestone on 
the southern side of Moore Creek, and must clearly be correlated 
with it. Unfortunately, the whole of the central part of the 
Parish of Woolomol is covered with drift, so that the details of 
the stratigraphy are hidden. It may be safely assumed, how¬ 
ever, that a fault separates the limestones in portions 41-43 from 
the pyroclastic rocks immediately to the west of them, as the 
intervening distance is far too small to permit of the unhindered 
development of that part of the Upper Middle Devonian Series 
which.lies between the horizon of the Moore Creek limestone 
aud that of the Baldwin Agglomerates. 

The geological sequence is very indefinite south of the Peel 
River owing to the want of clear exposures. The Baldwin 
Agglomerates may he recognised on the hill east of Goonoo 
Goonoo Creek, and all the country east of these is made up of 
slightly silicified and soft radiolarian claystone, with lenticular 
limestones and pyroclastic intercalations. These most probably 
belong to the Upper Middle Devonian Series, but it has not been 
possible yet to link up definite bands of pyroclastic rock with 
similar bands north of the river. The alluvium of the Peel 
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River seems to hide some line of faulting or discontinuity, in the 
lithological character of the country. 

Igneous Rocks of the Middle Devonian Series. 

In the foregoing, the more important occurrences of igneous 
rock have been briefly mentioned, but no attempt has been made 
to discuss the conditions attending their development. This we 
will now endeavour to do. The most varied and instructive area 
is that of East Qap Hill, of which a sketch map is given (Text- 
fig.4). Passing from north to south, one has 

1. Massive dolerite. 

S.Porphyritic spilite. 

3.Spilite only slightly porphyritie. 

4. Vesicular spilite. 

5. Passage-rocks between vesicular spilite and breccia. 

6. Breccia or agglomerate. 

There exists a very clearly marked boundary between the 
first two, but a gradual passage between all the other members. 
There can be no doubt that the dolerite is intrusive into the 
cherts, and also into the spilites. The relations of the spilites 
are not so clear. Along the eastern, and presumably lower 
side of the igneous mass, the boundary of the spilite seems to 
transgress the bedding of the cherts, and is rather irregular, 
though it is not clear whether it should be considered trans- 
gressively intrusive into consolidated cherts,’or merely into the 
semi-liquid unconsolidated sediments on the sea-floor. This 
point was discussed in another connection in the previous 
paper(lT). The igneous rock along this eastern (lower) side is 
locally brecciated, and such breccias, often with the relations of 
intrusion-breccias, may contain very vesicular patches. These 
vesicular patches of breccia may grade into massive vesicular 
rock and thence into the dense solid rock of the main mass of 
spilite. This seems to indicate that the igneous mass was 
intruded into sediments that were at least partially consolidated. 
From this edge of the mass, there projects a narrow tongue of 
solid spilite a short distance to the east, but it is not clear that 
this is a feeding dyke; it may be merely a portion of the mass 
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displaced between two faults. The main mass of tlie intrusion, 
occurring on the top of the ridge, contains large and abundant 
phenocrysts of albite. These decrease in size as the rock is 
traced to the south, and the rock at the same time becomes more 



and more vesicular; it begins to take on a reddish tint: fragments 
make their appeiarance, and imperceptibly one passes into breccias 
and agglomerates, composed of more or less ferruginous kerato- 
phyres or spilites, in which the ferromagnesian minerals have 
been destroyed, leaving only a red staining of hwmatite. These 
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are described in detail in a later portion of this paper. The 
relation of these breccias to the overlying sediments is obscured 
by drift. The Nemingha limestones follow immediately west of 
the hill, but are believed to be separated from the igneous rocks 
of East Gap Hill by faulting. They show no sign of contact- 
alteration, and there is other evidence of the presence of one or 
more strike-faults running through the Gap itself, e.y. t in the 
presence of a fault and a band of fault-breccia traversing the 
limestone in the “red marble” quarry in Portion 134. The 
problem is rendered more complex by the presence of tuffs in 
intimate association with the limestone, which often cannot be 
distinguished from those that occur in the Igneous Zone and lie 
stratigraphically several hundred feet above the limestone. 

The igneous rocks of West Gap Hill are almost entirely frag¬ 
mental. They are quite similar to those of East Gap Hill, of 
which they are, it is believed, the faulted equivalent They are 
sometimes very coarsely granular, the fragments being several 
inches in length, and include cherts and limestones, as well as 
igneous rocks. The cherts form particularly large angular pieces. 
This mass of fragmental rock is invaded by massive albite- 
dolerite, which occurs on the southern end of the hill. Various 
exposures show the relation of the pyroclastic and sedimentary 
rocks to one another, and the frequently intrusive nature of the 
former can be thoroughly substantiated. No single specimen, 
however, is more instructive than that shown in Text-flg.5, and 
Plate liii., fig. 10. This consists of green banded chert, with 
intercalated bands of purplish pyroclastic materia), which have 
a sharply marked boundary on the one side against the chert, 
and a gradual passage between the two rocks on the other. This 
is clearly due to successive small eruptions of tuff, which filled 
the sea with fine ash, that deposited in layers at first shaiply 
distinct from the clay on to which it fell, but faded away 
gradually upwards, as the slowly settling remnants of the ashy 
material became more and more mixed with the normal sediment 
(radiolarian clay). Intrusive into this banded rock, and cutting 
across its bedding-plane, is a tongue of breccia, of the same com¬ 
position as the interbedded tuff, though of larger grain-size. 
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The writer has not been able to find an account of associations 
of pyroclastic rock and sediment exactly similar t^ those of the 



Fig.5.—Interbedded and intrusive pyroclastic rock, West Gap Hill. 

Figs 6-7.—Intrusive pyroclastic rocks, Railway-cutting, Netningha. 

Fig.8.—“Eddy-bedding” in claystone and tuff, Railway-cutting, Nemingha. 

Taraworth District/ and has been led to adopt tentatively a 
rather speculative explanation of the features present. A fact 


* See Postscript to this paper. 
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that is difficult to understand, is the almost complete absence of 
glassy matter among the pyroclastic rocks. As will be seen, 
they consist (a) of fragments of rocks passed through by the 
ascending igneous material, chert, limestone, etc., and (6) frag¬ 
ments, isolated crystals, and portions of crystals from medium* 
and fine-grained rocks of the dolerite-spilite keratophyre series. 
In the case of the “ intrusive tuffs, ” the rock consists largely of 
grains of minutely crystalline trachytic keratophyre, which recall 
the constituent granules in the brecciated keratophyre of Hyde’s 
Creek(17). Though the ascending magma must have been rapidly 
chilled by the wet sediments, it must also have been charged 
with a considerable amount of water, from which it could not 
free itself. There would thus be a mineraliser constantly present 
during the period of consolidation, which might partly account 
for the advanced crystallisation, frequently very minute, of the 
rock. Also, any glass that formed in these conditions would pro¬ 
bably be rapidly devitrified, and, indeed, much of the crypto-crys¬ 
talline grains may be devitrified glass. The movement of the 
molten material below would break up the crust as it consolid¬ 
ated, and it would also be shattered by the strains produced in 
the necessarily rapid variations in temperature, so that, above the 
level where the crystallisation took place, the comminuted igneous 
material would move forward in the form of a watery slurry or 
mud. This mud would escape from the vent in which it rose, by the 
path of least resistance, which, under a considerable overburden 
of silt and sea-water, might sometimes be by intrusive injection 
into the surrounding partially consolidated sediments, at other 
times, by breaking through and discharging into the sea. This 
would doubtless be accompanied by more or less energetic con¬ 
vulsions. In the latter case, the igneous material would settle 
down on the sea-floor, as a band of tuff, either pure or mixed 
with normal marine sediment. Hence might arise the well 
ascertained fact, that it is often quite impossible, by purely 
petrographic means, to distinguish between a sedimentary and 
an intrusive pyroolastic rock in this district. 

An objection to this explanation, which cannot yet be satis¬ 
factorily answered, is the uncertainty that the greatest depth 
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which we can assume for the sea in which the sediments were 
depositedi would give an overburden of water and silt sufficient 
to act in the manner indicated. There would also need to be a 
rather nice adjustment of the rate of protrusion of the magma. 
If it were greater than that necessary for the development of 
intrusive tuffs, masses of lava would invade the sediments, and 
different features would result. 

It seems possible to explain thus the passage between the 
massive and brecciated igneous rocks seen on East Gap Hill, and 
also, though not so clearly, on the ridge north-west of Tintinhull 
Hail way-platform. The upper portion of a mass of lava intrusive 
into, or flowing through wet, semi-consolidated sediment, would 
naturally be especially liable to brecciation. Again, the abundant 
opportunity offered by such brecciation for the passage of solu¬ 
tions would be exceptionally favourable for the destruction of 
the ferromagnesian minerals, and the oxidation of their iron- 
content to magnetite and haematite. To some such processes, 
the peculiar features of the red breccias and agglomerates c f 
East and Wost Gap Hills may owe their origin. 

The sections exposed in the railway-cuttings between Tam- 
worth and Tintinhull, particularly those immediately east of 
Neraingha, afford further examples of this phenomenon, as will 
be seen from the features illustrated in the figures herewith. 
(Text-figs.6,7,10,12).* An intrusion of pyroclastic material into 
partially consolidated sediment might be expected frequently to 
transgress the bedding-planes of the sediments, to crumple them, 
and to include numerous crumpled or uncrumpled fragments of 
them. The exposures illustrated clearly exhibit these features, 
and further indubitable evidence of intrusion is afforded by the 
microscopical preparation illustrated in Plate liii., fig.6. The 
original of this is in the collection of the Geological Survey 
of New South Wales (No. 1190), and was one of the slides used 
by Messrs. Pittman and David in the preparation of their work. 
The writer is indebted to these gentlemen for permission to 

* Compare with these illustration* the figure given b y Sir A. Geikie of a 
breccia Invading a slate (19, Vol. ii., p.50, fig. 198). The explanation of 
this feature is not, however, applicable to the Tamworth rocks. 
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illustrate it here. Again, lateral injections and explosions 
within unconsolidated sediments of the character we are con¬ 
sidering, would he accompanied by more or less sliding of the 
lamella over one another, which would result in the tearing up 



of the lamella, and their injection into one another. This is 
particularly well shown when black carbonaceous layers alternate 
with white tuff. A specimen of this is illustrated by Text* 
figure 11. Again, the small convulsions caused by the ejection 
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of material, would occasion some oscillatory movement in the 
water on the sea-floor, which might result in a sedimentary struc¬ 
ture resembling current bedding in the mass of the silt lifted 
and redeposited at each convulsion. The specimens illustrated 
by Text-tigs. 8 and 9 may perhaps bo an example of this. We 
may compare with figure 8, the illustration of false bedding in 
chert seen by Clements in the Pre-Cambrian rocks of Michigan, 
which are also associated with tuffs (22, Plate xxvii.). Jt 
must be noted, however, that ripple-markings were seen among 
these rocks by the previous authors(9). According to Hunt(28), 
these do not necessarily indicate a very shallow sea. They may 
form at considerable depths, as much as 188 metres in one 
instance cited. It is not clear to the writer whether the features 
seen in Text-fig.8 are the result of a general rippling oscillation 
or eddying produced as suggested above The extremely local 
character of the phenomena inay indicate that the latter alterna¬ 
tive is the more probable. 

Intrusions of pyroclastic rock into more consolidated chert 
would require more energetic explosions than those described 
above, and would result in much shattering. Rocks which 
illustrate this are very frequent along the west side of the 
serpentine in Spring Gully, and have been found in the Nundle 
Di8trict(17, pp. 166-7.* See also p.575). 

The conception here advanced, of the semi-liquid nature of 
unconsolidated fine-grained sediments, is in accord with the 
results of l)r. Sorby’s studies(M). Injection of pyroclastic 
material into sediments with varying degrees of consolidation 
down to that of a “creamy” (op. cit., p. 197) consistency, would 
naturally result in an appropriate variety of intrusion-phenomena. 
Ejection into the open water, and normal sedimentation would 
be the limiting case. 

Another igneous complex of great interest occurs in Mr. 
Macllveen’s property (Portions 180, 175, and 162, Parish of 
Nemingha), about two miles south of East Gap Hill. A sketch- 

• In the first part of this series of papers(i4), a different explanation of 
the intrusive tuffs was suggested, but experience has Bhown it to be un¬ 
tenable, and it haa been witbdrawu(i7, loc. cit.). 
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map of this is given in Text-fig. 13. It recalls some of the 
features of the Hyde’s Creek complex(17). The western side of the 
area sketched consists of normal, steeply dipping, banded chert, 



Fig. 13. —Sketch Map, Macllveeu’s Igneous Complex (Nemittgba Parish), 
which, at its contact with the keratophyre, is impregnated with 
haematite, or is changed into red jasper. The line of contact runs 
in a N.N.E. direction for half a mile, and then is deflected into a 
direction a little west of north. The keratophyre, east of this 
line, varies from a rock with very little iron-ore, to one rather 
rich in magnetite, which has been more or less replaced by 
haematite. There are also vesicular and slaggy varieties, as at 
Hyde’s Creek. The keratophyre includes Urge fragments of 
limestone, and an intimate, breccia-like mixture of limestone, 
chert, and m&gnetite-keratophyre; it is also traversed by small 
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veins of red jasper, and haematitic chalcedony. In microscopic 
structure, the rocks have many of the features of the kerato- 
phyres in the breccias of the Gap Hills. When traced north¬ 
wards, the keratophyre becomes mixed with breccia, and coarse 
agglomerates, containing large boulders of a magnet ite-kerato- 
phyre-porphyrite, while the northern extremity of the complex 
is a mass of coarse agglomerate, 100 yards wide, mixed with 
intrusions^) of vesicular hromatitic keratophyre, and large intru¬ 
sions of massive keratophyre-dolerite, beside which is a large 
mass of the porphyritc. Brecciated jasperised chert occurs on 
either side of this. Tt would seem that, in this area, the intru¬ 
sion of keratophyric dolerite and porphyrite was followed bv a 
disruptive invasion of keratophyre, which broke up or breccia ted 
the massive rocks, and emitted siliceous and ferruginous solu¬ 
tions, which jasperised the surrounding cherts. 

Less than 200 yards south of this complex, is yet another 
feature of the igneous activity of no less interest, though differing 
greatly from the above. A band of apparently normal tuffamms 
rock, at least 500 yards long, runs through Portion lt»2, Ne- 
mingba. Tt contains numerous small pebbly inclusions at the 
northern end, which are either angular or rounded and smooth 
as if waterworn. As we follow the band southwards, the pebbles 
increase in size until the tuff is full of large boulders, often 
beautifully smooth and rounded, sometimes as much as a foot in 
diameter. These pebbles often fall easily out of their matrix, 
and one would scarcely doubt, from the inspection of a pebble s<» 
isolated, that its shape was due to water erosion. South of the 
point where the pebbles reach their maximum size, they diminish 
rapidly, and in 50 yards they decrease to their original diameter 
of less than an inch, and the tuff band continues thus across the 
road to the south without any interruption. The distance from 
the northern to the southern point where the pebbles are not 
more than half an inch in diameter, is scarcely 200 yards. On 
either side of this band, which reaches a thickness of 30 yards, 
is normal, undisturbed, line-grained, banded chert. There is a 
clear affinity, in lithological character, between the tuff-matrix 
and the inclusions. With a few exceptions, the boulders, though 
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they may differ in macroscopic appearance, (they are purple, 
speckled grey, or green) prove to be porphyrites, composed of 
phenocrysts of augite and plagioclase, in a very fine-grained 
base. The exceptional rocks are certain rhyolitic keratophyres. 
The matrix is a breeciated crystal-tuff, of the same composition 
as the inclusions, and consists of minute fragments of these rocks, 
or of their phenocrysts. These are sometimes so closely and 
regularly packed together that it is difficult, at the first glance 
through the microscope, to distinguish between the matrix and 
the inclusion. These features must owe their origin to one or 
both of two causes: either the mass is a deposit of volcanic 
ejectamenta, which were rounded by attrition in the vent; or it 
is detritus from a volcanic cone, which reached above the surface 
of the water, and gave an opportunity for the shaping of the 
blocks by wave-erosion. Tt is difficult to decide which was the 
paramount factor. In either case, the rapid variation in the 
size of the l>oulders, shows that the rocks exposed were deposited 
near the source from which they were distributed, whether this 
be the centre of eruption, or the outlet of a valley which cut 
into the volcanic mass. The very small thickness of the mass, 
and the very regularly banded and minutely granular character 
of the sediments above and below the igneous material render 
the wave erosion hypothesis difficult of application unless it be 
considered that this exposure is on the outer fringe of a large 
mass of ejectamenta, of which there is no other sign in the 
vicinity. 

Another feature, which we may associate with the explosive 
action of the igneous eruptions, is to be found in the nature of 
the limestones. These show many features identical with those 
described by Messrs. Gardiner and Reynolds from the Ordovician 
rocks of the Tourrnakeady District, County Mayo, Ireland. 
Besides the normal, massive, coral-bearing limestones, there are 
to be found, in the Parish of Nemingha, “limestones breeciated 
in situ , pink or white rocks, which, after being cracked into 
numberless pieces, have been recemented by the deposition of 
material into the cracks/’ and, even more frequently, “limestone- 
breccias, a coarse type of which contains angular blocks of lime- 
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stone, red, pink, or grey in colour, and horny or crystalline in 
texture, intermingled with angular blocks of red or green felsite,” 
which, on microscopical examination, proves to be keratophyro 
or spilite, as the writer understands, is also the case with so- 
called felsite at Tounnakeady (see 20). “The matrix, in which 

these blocks are embedded, is.a calcareous ashy grit.” 

The writer has “found no fossils in the matrix, although some of 
the included limestone blocks have yielded a rich harvest of 
fossils.” The mass of limestone in Becdle’s Freehold, Portion 
163, Neminglia, is of this character. As in the case of the rocks 
described by Messrs. Gardiner and Reynolds, so here, “it seems 
impossible to avoid tho conclusion that, after the deposition of 
the fossiliferous limestone, it was in some cases broken up by 
volcanic eruptions, and the fragments, accompanied by fragments 
of felsite, were embedded in a tuff which thus must he of later 
date than the limestones. It does not, however, follow that 
there was any very great interval of time between ihe deposition 
of the limestone, and its disruption, succeeded by the embedding 
of its fragments in a coarse tuff. . . . The view of the explosive 
origin of the limestone-breccia affords an adequate explanation 
of its patchy mode of occurrence.” The writer cannot find words 
more appropriately descriptive of the breccia ted limestone of the 
Nemingha horizon than those used by the authors cited. 

One would naturally expect that brecciatcd cherts and clay- 
stones should occur in an analogous manner, either with or with¬ 
out intermingled tuff. Such rocks are well developed in the 
Middle Devonian Series west of the serpentines in Spring Creek, 
and are particularly abundant in the Eastern Scries on the 
opposite side of the valley, which rocks are considered to he an 
infolded repetition of portion of the Middle Devonian Series. 
It is not necessary to describe these in detail: they are naturally 
connected by intermediate types with those described above 
(p.571). 

There remain to he considered the more massive intrusive 
rocks. One of*these is a porphyrite, the phenoerysts of which 
are greatly shattered, though the rock appears to be massive 
This forms a small mass in Portions 213, 214, or 216, Parish of 
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Nemingha. It was, unfortunately) not exactly localised, and 
the writer could not find it on a second visit to the place of its 
discovery. It is described below (see p.598). 

The intrusions of dolerite at the extreme south and north of 
the long complex, of which East Gap Hill is the central part, 
are normal dolerites, the felspar of which is labradorite; but 
several specimens from the central portion of this mass are 
albitic. So far as can be seen, there is no evidence of the forma¬ 
tion of adinolo in the cherts, associated either with the albitic 
or the non-albitic dolerites, nor is there any difference recognisa¬ 
ble in hand-specimen between the two types of intrusive rock. 
The microscope shows that the albitic rocks are thoroughly 
uralitised, but some of the calcic dolerites are also considerably 
altered. The dolerite in Portion 166, Nemingha, contains veins 
of epidote, with which is associated a large amount of axinite. 
The discovery of this is due to Mr. D. A. Porter. Axinite also 
occurs in the vesicles of the spilite-porphyrite on East Gap Hill. 
Nothing more can be said as to the source of the axinite than 
was said concerning that of the Nundle district, namely, that it 
probably is derived from the basic rocks themselyes, and is not 
necessarily a product of the intrusion of the not very distant 
granite (see 17, p.126). 

There are, finally, a few small intrusions of quartz-keratophyre, 
of which the largest occurs on the extreme south of the area 
studied, Portion 171, Nemingha, while a series of smaller intru¬ 
sions are to be found along the eastern side of the East Gap Hill 
zone of igneous rocks, and an isolated occurrence a quarter of a 
mile north of Housefield’s Hill in the Parish of Woolomol. The 
characteristic feature of these rocks is the very great amount of 
strain-effect which they exhibit: the rock breaks with a peculiar 
jagged fracture, the felspars are often bent and brokeu, and the 
grains of quartz are shattered and ragged, with very undulose 
extinction. The reason of this great exhibition of pressure- 
effects is not at all clear. One may recall the fact that the 
keratophyres of the Nundle district showed strSbgly brecciated 
structures, and the suggestion made previously (17, p. 164), that 
possibly these rocks owed their character to movements acting 
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on a very viscous magma, during and after its consolidation. At 
the same time one must note as a fact at present without ex¬ 
planation, the very considerable resemblance between these acid 
quartz-keratophyres, and the veins of quartz and albite, that 
occur in the serpentine in other parts of the Serpentine-Belt 
(see 16, p.691). 

Barraba Series (of Upper Devonian age). 

Two divisions of the Upper Devonian Series are recognised; 
the lower is the Baldwin Agglomerates, and the upper the 
Barraba Mudstones. This is in conformity with the classifica¬ 
tion adopted in the first part of this series(M). However, since 
the lower agglomerates are frequently not developed, it seems 
best to extend the term Barraba Series tu comprise the whole of 
the Upper Devonian formation, and to recognise the Baldwin 
Agglomerates merely as a basal zone, which may or may not be 
present. Both divisions occur in the Tam worth District. We 
commence with the discussion of the agglomerates. 

It was stated in a previous paper(14, pp.500-1) that the coarse 
agglomerates did not, as was previously supposed, rest unconform- 
ably on the banded claystones of what is now termed the Upper 
Middle Devonian Series, where they are exposed on the hills about 
Cleary’s Selection, to the north-east of the Tamworth Common. 
Th« inference was drawn chiefly from a consideration of the litho¬ 
logical similarity between the matrix of the agglomerates, and the 
tuffs and breccias in the underlying Middle Devonian, as well as 
the overlying Upper Devonian rocks, and the criteria for the litho¬ 
logical proof of a conformity through continuous oscillatory 
change of condition, were discussed from a hypothetical point of 
view. This conclusion can now be thoroughly substantiated on 
stratigraphical grounds. The coarse agglomerates may be traced 
round the face of the hills from the Two-Mile Bridge, on the Peel 
River, south-east of Tamworth, until they meet the fault in Spring 
Creek, on the northern boundary of the Common. The boundary 
of the agglomerates is at every poiut, in complete conformity witli 
the strike of the Middle Devonian rocks, on which they rest. Par¬ 
ticularly clear proof of this, is afforded by the sections exposed 
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in Long Gully, Cleary’s Gully, the small gorge in portion 246, 
and again in Spring Creek in portions 148 and 237, and is suffi¬ 
ciently indicated in the map herewith (Plate L). The agglomerates 
are interstratided with mudstones, and these also show dips con¬ 
formable with those of the underlying rocks. The small gorge cited 
above shows a very instructive exposure of these rocks. Again, as 
mentioned by the previous authors, there are frequently short irre¬ 
gular beds of pebbles in the agglomorates(9, p.23), and if these 
represent the bedding-plane of the agglomerates, as observations 
at Borah Creek Gap, in the Baldwin Mountains, near Manilla, 
convinced the present writer that they do, there is additional proof 
of the conformity here claimed. 

The mode of origin of the agglomerates is not directly obvious. 
They consist of fragments of chert, andesite, porphyrite, kera- 
tophyre, and rhyolite, with some limestone, set in a matrix exactly 
similar to that of the normal pyroclastic rocks, which is made up 
of close packed fragments of crystals and rocks, evidently derived 
from rocks of the same nature as those which occur as included 
pebbles. These pebbles are frequently very smooth and rounded, 
particularly in the lower portion of the series, though some angular 
blocks occur. Professor David was of the opinion that they were 
waterwom in many cases, but was doubtful whether magmatic cor¬ 
rosion had not played some part in the rounding of some of the 
larger blocks(9). The boulders and fragments reach a diameter of 
nearly a foot in the neighbourhood of Cleary’s Hill, but diminish 
in size as they are traced to the north-west or south-east, and are 
rarely more than half-an-inch in diameter, where the rock appears 
on the railway-cutting by the Two-Mile Bridge, or in the valley of 
Spring Creek. The source of these boulders was, therefore, in the 
neighbourhood of Cleary's Hill. 

In many features these agglomerates are analogous to those pre¬ 
viously described (p. 574), but differ from them in their immense 
thickness, which reaches a maximum in the Tamworth Common of 
nearly 2000 feet, but dies out by interdigitation with Barraba mud¬ 
stones. These interstratified mudstones are richer in Lepidoden - 
dron than any other rocks in the district, and casts of this plant 
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sometimes occur in the igneous materail itself. There is thus less 
reason in this case to doubt the possibility of a volcanic cone rising 
above the surface of the sea. It must be noted, however, that there 
is not any great thickness of agglomerate, uninterrupted by inter¬ 
calations of radiolarian mudstone, so that the sea-door must have 
been sinking rapidly, and the islands, if formed, would not be of 
long duration. The largest rounded boulders are in the base of 
the series, Jjlhg on undisturbed elaystones. The intercalated mud¬ 
stones were not deposited on steep slopes, but are quite conform¬ 
able with the elaystones below the agglomerates, so far as can be 
determined; and the upper members of the agglomerate scries 
show little or no sign of water-erosion. 

The mudstones, and pyroclastic rocks have a varying degree of 
resistance to erosion. Strongly resistant bands, forming well 
marked outcrops, may often be traced for some distance, others 
die out rather irregularly. The map, in this region, does not pre¬ 
tend to have more than a general accuracy. 

The mass on Cleary’s Hill, which is taken to represent the base 
of the series, owes its great width of outcrop, not to its thickness, 
but to the fact that it slopes down the face of the hill. A certain 
amount of faulting occurs where Cleary’s Gully debouches on to 
the Common, which makes estimates of thickness in this region very 
unreliable* 

A second occurrence of the Baldwin Agglomerates is indicated 
by the rocks west of the limestones in Spring Creek, forming the 
ridge between the Manilla and Moore Creek roads. Here the 
coarse conglomeratic character has quite disappeared; the rock is 
merely a breccia, of medium grain-size, and the interbedded mud¬ 
stones greatly predominate over the pyroclastic rock. The several 
bands of the agglomerate occupy the whole of the western part of 
the Tamworth Common, and, on the extreme west, are bent into an 
anticline. This anticline may be traced northwards to Moore 
Creek, but becomes rather flattened out. While much of the 
material in the agglomerate in this region, may have been derived 
from the centre of eruption near Cleary’s liill, there was evidently 
another point of eruption towards which these rocks may be traced, 
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which is indicated by the prominent hill in Housefleld's Selection, 
Portion 120, Parish of Woolomol. This consists of coarse bonldery 
agglomerate, the inclusions of which are similar to those on Cleary's 
Hill, and are so rounded as to resemble even more closely, normally 
waterworn pebbles, and these are abundant in the upper portion of 
the mass which is at least 200 feet thick, and is free from inter- 
stratified mudstones. North of the hill is a small dyke of kerato- 
phyric quartz-felpar-porphyry, fragments of which * Iso occur in 
the agglomerate. 

The horizon of the Baldwin Agglomerates seems to be repre¬ 
sented south of the Peel River by the mass of agglomerate, that 
runs through the eastern corner of the town of West Tamworth, 
and through portion 27, Parish of Calala, as well as by a band 
of tuff in the valley of Goonoo Goonoo Creek, portions 15 and xx. 
Evidently the agglomerate has greatly thinned out in this direc¬ 
tion. No continuation of the great mass of agglomerate that comes 
down to the north side of the river, at the Two-Mile Bridge, can 
be traced on the southern side; which is a further piece of evidence 
in favour of the view, that the Peel River alluvium conceals an 
important fault. 

The line of junction between the Middle and Upper Devonian 
claystones and mudstones is quite an indefinite one, when there is 
no intervening development of agglomerate, as is the case with the 
majority of the boundary line drawn through the Parish of Woo¬ 
lomol. This line is, therefore, almost entirely arbitrary, and was 
drawn merely by reference to the occurrence of the limestone on 
the east and agglomerate on the west. The claystones of the Middle 
Devonian Series, when they have not been silicifled into cherts, can 
rarely be distinguished from those of the Upper Devonian Series. 
There is probably a fault between the limestones and agglomerates 
in sections 41 and 44 respectively of the Parish of Woolomol, as 
they are much closer to one another than would be otherwise 
possible. 

Above the agglomerates, extern! the monotonous series of thick 
claystones,and mudstones,occasionally radiolarian, interstratified 
with some tuffs, just as has been described for the Barraba Series 
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in previous papers. These occur typically in the south-western 
corner of the area shown in the map herewith. The fossils of this 
aone, apart from the radiolaria, which may occur in the tuffs as 
well as the claystones (see 10) are confined to Lepidodendron 
australe, and fluted sterns like Calami tea, just as occur in the rocks 
of the Upper Middle Devonian Series.* 

These fossils are particularly abundant in the gully traversing 
portion 59, Tamworth, “Porter's Gully" of the previous authors, 
where they occur in the mudstones that are interbedded with the 
Baldwin Agglomerates. They are fairly common elsewhere in this 
association. It remains to add that intrusions of felspathic tuff 
into the Upper Devonian mudstones, show just the same features 
as are exhibited in Figs. 9-12. Not infrequently the material of 
the tuff has been more or less impregnated with prelmite. 

Tectonics of the Devonian Series. 

It is now possible to summarise the main tectonic features, dis¬ 
covered by tracing such stratigraphies] horizons as the district 
affords. For the central feature, there is the well-marked elongated 
pericline, the axis of which runs in a north-westerly direction up 
the valley of Seven-Mile Creek, Northwards, this is followed by 
close-packed anticlines, and “schuppen"-strips, extending to Moore 
Creek. Southwards, there is an interruption in the strike marked 
by the Cockburn River syncline, which has a north-easterly strike; 
and a parallel anticline to the west of it, the axis of which crosses 
the railway-line near the Nemingha platform. The Seven-Mile 
Creek pericline is thus the result of intersecting folds. South and 
east of this are the close-packed folds and “sehuppen” fault-strips, 
that form the greater part of the Parish of Nemingha, and occur 
with even greater intensity of disturbance east of the serpentine. 

* With regard to the remark* of the previous authors(9), concerning the 
downward range of Lepidodtvdron, nothing Ii&b yet been found to invali¬ 
date their conclusion*. No Lepidodendron has been found at a horizon 
that can be proved to be lower than that of the Tamworth-Moore Criek 
Limestone*, but some Lepidodendra, that occur in Loder’s Cully, and in 
the railway-cutting* east of the Nemingha Siding, must be very close to 
the horizon on which the Moore Creek limestone would occur, if it were 
developed in this region. 
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Westwards from the pericline, the series continues with a south¬ 
westerly dip and decreasing inclination. There are probably one 
or more faults running to the west of the Igneous Zone, causing 
repetition of it. Again, there are the faults in the Tamworth 
Common, at Cleary's Hill, and at Spring Gully, which seem to 
extend to Moore Creek. These have a roughly meridional direc¬ 
tion. The strata, however, do not follow this direction, but swing 
round to the north of the Tamworth Common, till they are dipping 
due south. This bend possibly represents the edge of another 
syncline with a N.E.-S.W. axis, of which the south-western limb 
has been cut off by the fault in Spring Creek valley. The strata to 
the west of this fault are flattened out, and are bent into a syncline, 
which can be traced northwards to Moore Creek, and southwards 
across the Peel River. Its axis runs in a direction trending N.N.W. 
to S.8.E. 

Recognisable zones, wherever they have been found, are seen to 
have been repeated by faulting, and it is safe to assume that more 
strike-faulting must be present undiscovered in the monotonous 
series of mudstones and tuffs in the Upper Middle Devonian, and 
the Upper Devonian Series. The rarity of faults in the sections 
exposed in the railway-cuttings should, however, warn one against 
over-estimating this feature. 

In addition to these roughly meridional faults, there are others 
which are more nearly parallel to the axis of the Cockburn River 
(and Tamworth Common f) syncline. Thus there are two direc¬ 
tions of folding and faulting in the district, with some lines follow¬ 
ing an intermediate direction. The question as to the relative age 
of the two at once arises. There is not yet, however, sufficient 
evidence to show the nature of the thrusts and movements that 
have brought about this reticulation of tectonic lines. In adjacent 
districts now under investigation, a different intersection of tec¬ 
tonic lines is observably and, until more is known of these areas, a 
discussion of the tectonics of the region would be premature. 

Thickness of the Devonian Series, 

The facts recorded in the foregoing paragraphs show that the 
attempt to find definite continuous horizons, from which the tec- 
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tonic structures and the thickness of the formations involved might 
be exactly determined, has been in a large degree unsuccessful. It 
has, however, been proved that some faulting is present, producing 
a greater degree of repetition of strata than was assumed in the 
previous estimate of the total thickness of the series, though the 
thickness of the individual beds of limestone, claystone, and tuff, 
and the total apparent thickness, were measured with great care. 
As yet, however, it is quite impossible to determine the exact 
amount which must be deducted from that total (9,260 feet). 
Plotting the old line of section on the new map, we find that the 
lower portion of the Baldwin Agglomerates on Spring Creek was 
included in the earlier total. The agglomerates here are as finely 
granular as much of the pyroclastic matter in the Middle Devonian 
Series, and they would naturally be classed with the latter, before 
detailed mapping had shown their connection with the deposit of 
largfc boulders on Cleary’s Hill. To obtain the total apparent 
thickness of the Devonian rocks in this district, we must, therefore, 
add the remainder of the Baldwin Agglomerates, about 1000 feet 
and the thickness of the Barraha mudstone, apparently about 2400 
feet. The columnar section given in Fig. 1 shows the relative thick¬ 
ness of the various subdivisions of the Devonian Series as far as 
can be ascertained at present. 

Conditions attending the formation of the Radiolarian Bocks. 

As this district is frequently cited as a classical example of the 
development of a series of radiolarian rocks in comparatively shal¬ 
low water, the subject should not be passed over in the present 
communication; but, as further studies are in progress in adjacent 
areas, where similar rocks are developed, and much remains to he 
investigated, we will merely note the bearing of the new observa 
tions on the views of the authors who studied the question here pre¬ 
viously. According to them, the radiolarian rocks “were deposited 
in clear seawater, which, though sufficiently far from land to be 
beyond the reach of any but the finest sediment, was, nevertheless, 
probably, not of very considerable depth”(9). This conclusion 
was based on the following considerations:—(1) The presence of 
ripple-marking, (2) the abundance of plant-remains indicating the 
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proximity of land, (3) the absence of any coarse terriginous sedi¬ 
ment, and (4) the intercalation of coral-limestones. The present 
writer concurs entirely with these conclusions. The only considera¬ 
tion which gave rise to some doubt was the possibility that the 
Baldwin Agglomerates, now proved to be interstratified in the 
radiolarian series, might owe the rounded character of their inclu¬ 
sions to water-erosion. The present study, however, tends to the 
conclusion, that, even if this were so, as seems possible in some 
cases, this would not indicate the presence of a persistent coast¬ 
line, but only the development and rapid destruction of islands, 
which were the summits of masses of agglomerate erupted from 
vents in the flat floor of the sea. The development of the Baldwin 
Agglomerates marks an epoch when such great eruptions were in 
progress. It is not yet clear that the building of volcanic islands 
characterised the eruptions, that produced the Igneous Zone in the 
Middle Devonian Series. The eruptions may have occurred at a 
considerable distance from a persistent coastline. Except for the 
products of these great eruptions and the many minor convulsions, 
the sediments are of the finest grainsize, and largely composed of 
the remains of r&diolaria. The depth of the sea in which they were 
laid down, must have been sufficiently great to give the overburden 
requisite for the production of intrusive tuffs, and sufficiently 
shallow to permit of the formation of ripple-markings, and coral- 
reefs. The exact depth at which this balance was obtained cannot 
be estimated with any precision. Doubtless it varied somewhat, as 
the presence of definite zones of limestone would lead one to infer; 
but as the radiolarian rocks, with interbedded and intrusive tuffs, 
adjacent to the limestones, are quite similar to those elsewhere in the 
series, there is no reason to assume that these variations were large. 
We may, perhaps, conclude that there is no evidence that the radio¬ 
larian rocks were formed at a depth less than the maximum at 
which it was possible for the limestone to have been formed. The 
work of Darwin, Dana and many others has shown that the reef¬ 
building corals in the modem seas, do not live at greater depths 
than about fifteen or twenty fathoms, though certain isolated forms 
extend mucfi further down. The corals of the past seem to have 
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had the same general range. [The evidence for this statement has 
been recently summarised by Grabau(21)], 

Serpentine*, etc. 

As in the areas described in former papers, the serpentine 
follows the line of fault, which separates the highly disturbed 
rocks of the Eastern Series, from the less crumpled rocks, 
which lie to the west. The band of serpentine varies greatly in 
width. At the southern end of the map, on Nemingha Creek, it is 
not more than 50 yards across, and is even narrower a short dis¬ 
tance to the north. It is much broader at the head of Spring 
Creek, being nearly 300 yards wide there, and then tapers gradu¬ 
ally northwards, dying out completely in Portion 144 of Nemingha 
Parish. The fault-line may, however, be traced into Portion 109, 
where there is a small lenticular area, about ten yards long, com¬ 
posed of ferruginous carbonate rock, such as represents the serpen¬ 
tine in other portions of the Serpentine Belt, as in the Nundle and 
Crow Mountain districts. 

The serpentine is mostly of the sheared, chrysotilic variety; 
some massive bastite-serpentine is present, and a little antigoritic 
rock. Other alteration-products are rare. A chalcedonic replace¬ 
ment of bastite-serpentine occurs in Portion 176, and opal, with 
dendritic markings, in Portion 129. Near this was found a small 
patch of olivine-gabbro, only a few yards in extent. The felspar 
of this rock was converted partly to saussurite, and partly to clino- 
zoisite. Small segregations of chromite occur in the serpentine. 
With this, hyalite has been found by Mr. D. A. Porter(i). 

In several places there are abundant intrusions of a porphyritic 
or massive dolerite in the serpentine. This rock has exactly the 
same characters as that occurring in a similar situation in the 
neighbourhood of Bowling Alley Point(17,p.l56). The individual 
masses are quite small) ten or twenty yards long, and about half as 
wide. Some are rather sheared. None appear to cut the serpen¬ 
tine transversely, but the individual masses may be fragments of 
larger instrnsions tom apart by movements in the body of the 
serpentine. No dolerites of this character have been found outside 
of the serpentine. 
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The tectonic features of the serpentine-intrusion differ from 
those normal elsewhere in the Serpentine Belt, in the sudden bend¬ 
ing of the serpentine into a north-north-easterly direction, where it 
approaches the granite. That this is not due to the wedging out¬ 
wards of the strata by the invasion of the granite, is shown by the 
fact that the strike of the Devonian rocks continues almost^ un¬ 
changed, and is cut obliquely by the serpentine. We may, perhaps, 
see in this some evidence that the stresses, which determined the 
Cockbum River axis of folding, had begun to make their influence 
felt when the intrusion of the ultrabasic rock occurred. 

Moonbi Granite . 

About fourteen square miles of the area covered by the 
present map are occupied by granite. This is the southern 
extremity of a batholith which extends from Bendemeer to the 
north, in the direction of Attunga, to the north-west. Accord¬ 
ing to Mr. E. C. Andrews(12), it is invaded by the more acid 
granite of Bendemeer, which forms resistant masses that stand 
out in relief above the more basic Moonbi granite. On the east, the 
granite is bounded by the jasperoid rocks of the Eastern Series, 
which, also have a high relief, and form the prominent peak of 
Bullimballa(Black Jack), about six miles to the N.N.E. of Moonbi. 
Both these prominences are, however, outside the limits of the area 
under discussion. 

The granite is of coarse or medium grainsize, even-grained, or 
slightly porphyritic. It is fairly potassic, containing a consider¬ 
able amount of orthoclase and biotite. Hornblende is the dominant 
coloured constituent, and sphene is generally present in notable 
amount. Mr. Andrews has compared this granite with the sphene- 
granite-porphyries of northern New England, to which he attri¬ 
butes an early Mesozoic age(H). 

The granite is invaded by a variety of vein-rocks; aplites, with 
druses containing crystals of quartz with a mica like Einnwaldite, 
occur associated with veins of quartz bearing small amounts of 
molybdenite, in the high ridge between the Cockburn River and 
Moore Creek. Various types of pegmatite, either graphic quartzose 
pegmatite, or more richly felspathie rocks, often containing a little 
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tourmaline, are to be found near the Kootingal railway-station, 
and a beautiful garnetiferous, and graphic tourraaline-apiite, is 
developed on the travelling stock-route, in the north-eastern corner 
of the Parish of Tamworth. Dykes of finely granular rocks of 
intermediate composition are found, and are best described as 
microdiorite and mioromonzonites, or diorite and monzonite 
aplites; and a peculiar lamprophyre, which has the mineralogical 
composition of an augite-minette, and contains spherulites of 
quartz and felspar. A few dykes of pegmatite and quartz-por- 
phry extend from the granite into the surrounding Devonian rocks, 
but only for a short distance. This absence of an extensive series 
of dyke-rocks is a characteristic feature of the Moonbi granite. 

The metamorphosing effect produced by the granite on the sur¬ 
rounding rocks has been considerable, and is especially noteworthy 
in the limestones, and the pyroclastic rocks. In the latter, it gener¬ 
ally has the effect of causing the augite to change into the stable 
actinolite, rather than into chlorite, the ilmenite is replaced by 
sphene, and the felspar is recrystallised, sometimes as a mosaic of 
minute, indeterminable, untwinned grains, and sometimes in cleai 
crystals of andesine. In the more altered types, abundant tiny 
plates of biotite are formed, the ealcite in the vesicles, or irregu¬ 
larly distributed throughout the rock, passes into garnet, and, 
still more rarely, some secondary pyroxene is developed at the 
expense of the amphibole. These rocks are best developed in a rail¬ 
way cutting east of Tintinhull, while the most altered garnetiferous 
types occur in Portions 113, 123, and 169, Parish of Nemingha. 
Rocks with secondary pyroxene also occur in the north-eastern 
corner of the Parish of Tamworth. Associated with the garneti¬ 
ferous rocks in Nemingha, are massive hornblende-schists, repre¬ 
senting former doterites, and garnetiferous hornblende-schists, that 
were, in all probability, amygdaloidal spilites. The hornblende- 
schists, which extend southwards from Portion 157, and those 
occurring in Portions 42, 63, and 64, Nemingha, are probably 
also altered spilites. The zone of alteration of the igneous rocks 
varies somewhat in width; generally, it is about a quarter of a 
mile across. 
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The zone in which alterations of the limestone are recognisable 
is less extensive. The limestone in Seven-Mile Creek is greatly 
altered within a furlong of the granite, but, beyond that, it is 
unchanged or merely recrystallised, with the partial obliteration 
of the fossils. In the more altered parts, the limestone is changed 
to silicates such as garnet, wollastonite, diopside, and vesuvianite; 
but sometimes traces of the fossils are preserved among them, as 
noted by previous authors. 

In the Parish of Nemingha, the limestones are much less altered. 
All the fossils have been obliterated near the granite, but compara¬ 
tively little silicate-mineral has been formed. Where, however, the 
limestone was originally mixed with tuffaceous material, there are 
druses filled with ealeite, epidote, and vesuvianite; and in the adja¬ 
cent, often quartzose, tuffs there are regenerated felspars, with 
diopside and garnet. These druses, doubtless, represent original 
inclusions of limestone in pyroclastic rock. 

The clayslates and cherts show least sign of alteration. The 
metamorphic zone extends barely 100 yards from the boundary of 
the intrusion. The most altered rocks are those which form the 
small patch of sedimentary rock that is completely surrounded by 
granite; this occurs in Portion 76, Tamwortb. These consist of a 
highly crystalline, biotite-sehist, containing veins and knots of 
granite and pegmatite. Less altered schists occur at the foot of 
the hill in Portions 42 and 64, Nemingha, and in Portions 178 and 
183, Tamworth. Generally, however, the contact of the sedimen¬ 
tary rock and the granite is hidden by drift. The greater part of 
the boundary, as plotted on the map, was obtained by linking up 
isolated exposures of the contact-line, seen here and there in creek- 
beds. 

The form of the granite-mass calls for comment. The previous 
authors showed that the margin of the granite in Seven-Mile Greek 
is concordant with the strike of the sedimentary rocks, and stated 
that the latter dip beneath the granite, which, they accordingly' sug¬ 
gest, is of the nature of a laccoliteO). While unable to confirm 
this observation, the writer finds that the constant dip of the sedi¬ 
ments towards the granite is a marked feature of its western mar- 
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gin, and certainly suggests that the limits of the granite-intrusion 
may have been determined by the tectonic structure of the invaded 
rocks. It seems quite clear, however, that the granite, if laccolith 1 , 
did not extend far over the Seven-Mile Creek anticline. The rocks 
that form this structure are very little altered, while the rocks, 
which, in Erdmannsdorfer’s view(24\ are to be regarded as the 
Devonian and Carboniferous rocks altered by the overlying laeco- 
lite of the Brocken granite, are the highly altered series, that form 
the Eckergneiss.* 

The southern margin of the granite is quite transgressive. It 
seems to be no more than a coincidence that part of it is approxi¬ 
mately parallel to the axis of the Cockburn River syncline, for 
elsewhere it cuts right across the axis, and also across the several 
repetitions of the Lower Middle Devonian Series, the Serpentine 
Belt, and invades the Eastern Series, lienee we may conclude that 
the folding of the Devonian rocks, both along the main structural 
N.N.W.-S.S.K. axis, and the subsidiary N.E.-S.W. axis was accom¬ 
plished before the intrusion of the granite occurred. The absence 
of any noteworthy gneissic structure along the margin of the 
granite is also evidence towards the same conclusion. 

Tertiary Basalt. 

A small plug of basalt occurs on the western edge of Portion 
83, Parish of Woolomol. It is roughly oval in shape, and about 
sixty yards long. It does not give any noticeable relief. The 
rock is granular or aphanitic, with small crystals of olivine, and 
is massive or slightly vesicular. The microscope reveals the 
presence of cognate xenoliths of olivine, pyroxene, and picotite, 
and very interesting vesicles filled with natrolite and opal, which 
seem to be of primary origin. Tn general character, the rock h> 
quite analogous to the majority of the Tertiary basalts in other 
parts of the State. 

Terrace-Gravels . 

On either side of the Cockburn and Peel Rivers, may he seen 
terraces of gravels lying thirty or forty feet above the present 

# Goldschmidt, however, doubts the possibility of such gneiaseB beii.p 
produced under so small a pressure as Krdinannsdorfer assume^)- 
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flood-plain. Tho best examples of these are the gravels south of 
the Cock burn River, near Kootingal railway-station, which are 
exposed in the road-cutting by the Public School. A large 
terrace covered by gravel, also occurs on the point between the 
Peel River and Goonoo Goonoo Creek, in Portions 15 and 21 of 
Calala Parish, and smaller masses at other points, e.g, 9 by the 
rail way-viaduct at West Tam worth, in Portions 1 and 30 of 
Calala Parish, and north of the Peel River by Nemingha railway- 
platform. These consist, for the most part, of pebbles of jasper 
and quartz, with a binding of clay and red loam. Scattered 
pebbles of rocks of the Eastern Senes can be found in several 
other spots, and doubtless represent other terraces, now more or 
less destroyed. Practically all the pebbles in the terrace-gravels 
have been derived from the Eastern Series. 

Drift . 

The masses of drift have not been separated from the terrace- 
gravels in the map, though they are a noteworthy feature in 
the agricultural geology of tho district. We may distinguish 
stream-drift, the material brought down and deposited in an 
irregular manner, by the tributaries of the main rivers, and 
superficial drift, flanking the liases of the hills and accumulating 
through general soil-creep, etc., and, generally, any widespread 
deposit not flood-plain alluvium, which completely hides the 
underlying rocks. 

The stream-drift deposits are well seen in the valleys of 
Nemingha and Gap Creeks, in the south of the Nemingha Parish. 
The latter has entirely filled its valley, and does not debouch as 
a single stream; the former had also a wide distributary area, but 
has recently been confined to a single channel. Spring Creek, by 
the serpentine, has also a great accumulation of detritus; and 
isolated patches of gravel, high above the present creek, as on 
Portions 70 and 85, indicate where the older stream-drifts of this 
creek joined with the terrace-gravels. These drifts cover the 
western margin of the serpentine to a great extent. To a com¬ 
bination of stream-drift and soil-creep is due tbe great thickness 
of gravel and soil along the foothills of the range behind Tam- 
worth, and, in particular, that between Long Gully and Cleary’s 
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Gully. Again, the drifts covering the 
margin of the granite in the Parish of 
Woolomol have this conjoint origin. The 
very large amount of drift at the present 
head of Seven-Mile Creek has been pre* 
served in its present position by the 
capture of the headwaters of this stream, 
which now flows northward as Daruka 
Creek, to join Moore Creek. It is pro¬ 
bable that the broad areas of drift that 
form the central part of the Parish of 
Woolomol similarly owe their preserva¬ 
tion to the capture of their parent, 
stream, of which the headwaters are 
known as Levy’s Springs, by Spring 
Creek, which runs through the Tam- 
worth Common. 

Where the drift is entirely derived 
from mudstones, it decomposes into a 
clay suitable for the manufacture of 
bricks. The clay-deposits of this char¬ 
acter at West Tara worth are more than 
twelve feet thick. 

A considerable thickness of stream- 
drift lies below the alluvium of the flood- 
plain of the Peel River. From records 
in the Department of Public Works, 
kindly placed at the writer’s disposal by 
the Chief Engineer for Railway Con¬ 
struction, it is to be seen that the bed¬ 
rock of the Peel River valley at the rail¬ 
way-viaduct lies at a depth of forty to 
fifty feet below the present land-surface. 
The basal portion of the drift consists 
of from two to four feet thick of clay, 
which is covered by clay, gravels, and 
drift up to a thickness of twenty-four 
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feet, with a bank of gravel and boulders in the centre of the 
valley ten feet high above this. (See Text-fig. 14). 

Alluvium of the Floodplain . 

The broad flood-plain of the two rivers is covered with a soft, 
black loam, of great agricultural value. In places, it is more 
than a mile wide, and is of varying depth, generally ten to fifteen 
feet. This is the depth of the soil by the railway-viaduct. 

Petrology. 

The following notes are based upon a study of about two 
hundred thin slices of rocks from the Tamworth district, of which 
seventy came from the collections of the New South Wales Geolo¬ 
gical Survey, and of the University, and were those used by 
Messrs. David, Pittman, and Card, in the preparation of the pre¬ 
vious paper on this area. Attention has been devoted chiefly to 
the igneous rocks; the sedimentary and metamorphic rocks show a 
much smaller range of interesting features. The chronological 
order lias been followed as far as possible in the sequel. 

Eastern Series . 

% 

The basic rocks of the Eastern Series are spilites, vitro- 
phyres, and hornblende-schists, the product of the contact- 
metamorphism of the spilites. The spilite, which crosses the 
head of Spring Gully, south.of Portion 159, Nemingha, has a 
poorly developed ellipsoidal habit, is massive or slightly sheared, 
and of fine grain-size. It has a well marked subvariolitic structure 
(1354). The felspar has been largely changed to epidote, the 
remainder is glassy, and frequently untwinned; it is probably 
albite. The pyroxene is changed to chlorite, or remains quite 
fresh. It is a colourless diopside. Magnetite-crystals occur iu 
abundance. There are small veins of epidote, quartz and chlorite. 
A completely epidotised rock was found by Mr. Aurousseau, as a 
pebble in Spring Creek, doubtless derived from the Eastern Series. 
It is very like the Pre-Cambrian spilitic dolerite, from Tayvalliob, 
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in Argyllshire, which was described by Dr. Flett(41), a specimen 
of which was kindly given to the writer by Dr. U. H. Thomas (a 
slice from specimen 13218 of the collection of the Geological Sur¬ 
vey of Great Britain.) The preservation of the subvariolitie struc¬ 
ture in the epidote is very distinct. 

The araphibole-sehist, derived from the metamorphism of the 
spilite, which occurs in Portion 155, Nemingha, is considerably 
decomposed (1338). The original structure has been entirely lost, 
and the large grains of plagioclase have been replaced by finely 
granulated albite, while the remainder of the rock consists of 
matted chlorite and actinolite, dotted with minute grains of titano- 
morphite. Another form of altered spilite occurs in the north¬ 
eastern corner of the area mapped in Portion 64, Nemingha (1323). 
It has completely lost its original texture, and has now the habit 
of a fine-grained amphibolite. It consists of a mosaic of interlock¬ 
ing grains of untwinned albite, actinolite scattered irregularly in 
isolated prisms or sheaf-like aggregates, and a little irregularly 
granular sphene, sometimes in small clusters. A few prisms of 
apatite are also present Slide 1305, from the same locality, is pro¬ 
bably an altered vesicular magnetite-quartz-keratophyre-tuff. It 
is a strongly schistose rock (see Plate Hi., fig. 1). The grey, dusty, 
felspathic groundmass is too minutely granular for determination. 
It is sprinkled with small isolated prisma of hornblende, and 
well formed crystals of magnetite, evenly though not densely dis¬ 
tributed throughout the rock. Interlaminated with the grey fels¬ 
pathic portions, or forming fragments in it, or apparently Idling 
vesicles, is a mosaic of quartz-grains, with abundant prisms of 
actinolite. The rock has been so cut by “schuppen” shearing, that 
the form of these has been largely lost. They perhaps result from 
the recrystallisation of interlaminated and fragmentally included 
sedimentary material, and the infiltered infilling of vesicles. 

The vitreous rock from Pine Hill (1119) has been described 
above (p. 547). It is more acid than most of the other rocks of 
spilitic suite in the Eastern Series. 
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Igneous Rocks in the Middle Devonian Series . 

These rocks include many types of dolerite, spilite, and ker&to- 
phyre, and the pyroclastic rocks, as well as the metamorphosed 
equivalents of these. 

The dolerites differ from one another in texture, the composition 
of the felspar, and the nature of the pyroxene. The quartz-doler- 
ite, which forms a very small mass in Portion 110, Nemingha 
(1132), is characterised by the presence of basic andesine or 
labradorite as the dominant mineral, as is also that which occurs 
near the magnetite-keratophyre in Portion 175,(1107, 1128), and 
that which invades the porphyritic spilite on the northern end of 
East Gap llill (see Text-fig. 4). These rocks have a granitoid 
texture, the lolspar-prismoids, being approximately idiomorpbic, 
and often strongly zoned. The augite is of the normal character, 
slightly decomposed, and possessing a largo optic axial angle. 
Quartz occurs in large grains, or in granophyric intergrowth with 
felspar, llmenite is abundant, and apatite rare, though some large 
prisms occur. The chemical composition of 1132 is given on page 
74a; the composition of the felspar calculated from this would be 
Or 7 Ab 47 An 4fl , or, reckoning orthoclase as albite,Ab 52 An 4M , 
which corresponds with the result of the optical determination. 
The dolerite on the north of East Gap Hill contains some highly 
granophyric masses, while there is also some uralitised albitic 
dolerite, from Portion 204, Nemingha, which cannot be distin¬ 
guished macroscopically from the adjacent calcic variety. 

The porphyrite, which occurs in Portion 158, Woolomol(1162), 
is rather different from these. This is so free from any sign of 
contact-inetamorphism, though within the zone of altered rocks, 
that some doubt must remain, as to whether it is really coeval with 
the Devonian doleritic series. It is, however, quite unlike any 
Tertiary basic rock known to the writer. It has a fine-grained base, 
consisting of prismoids of andesine, with chlorite replacing augite, 
titanomagnetite, a very little quartz and apatite. The phenocrysts 
are sometimes as much as 3 mm. in diameter. They consist of 
plagiocl&se, with zones of liquid inclusions, and have commenced 
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to decompose. Its composition, determined from the Carlsbad- 
aibite twin by means of Professor Becke’s diagram/is Ab 00 An 40 . 
The pkenocry8ts of augite are generally rather smaller, have a 
large optic axial angle, and are decomposed on the periphery. 

Dolerites also occur with albite as their felspar, and of these 
there are two main groups, the granitoid and the poryphyritic. 
Bock 1120, which occurred adjacent to the rocks with basic felspars 
in Portion 175, Nemingha, is like them in texture and grain-size. 
The felspars are fresh and dusty, are slightly zoned, and have the 
composition of albite-oligoclase. They are almost idiomorpliic, 
and are surrounded by a micrographic intergrowth. The pyroxenes 
are almost completely changed to chlorite, ilmenite is abundant, and 
quartz appears in a few separate grains, as well os in the inter¬ 
growths. A few large grains of apatite occur, but these are not 
present in the intergrowth. From its textural identity with the 
calcic rocks of the district, it seems possible that this may have been 
derived from such rocks by albitisatiou. Other albitic rocks are 
represented by slides 1024, 1030, 1030, 1048, 117 occurring respec¬ 
tively with porphyritic spilites at Tintinhuli (Portion 123, Tam- 
worth), in Portion 202, Nemingha, with spilites at Pullman’s Hill, 
Portions 205, 48, Nemingha, in Portion 204 (the northward con¬ 
tinuation of the belt of calcic dolerite which invades the porphyritic 
spilite of East Gap Hill), and in Portion 181, at the southern end 
of West Gap Hill, associated with pyroclastic rooks. The first 
four of these occur about half a mile from the nearest outcrop of 
the granite, and there is no definite evidence oJ! eontact-ineta- 
morphism. The plagiociase is clear, and very little, if at all, 
spongy. Quartz-grains occur in small amount, but there is no 
granophyric intergrowth. The ilmenite has been more or less con¬ 
verted into titanomorphite. 

The porphyritic dolerites of Tintinhuli have already been briefly 
described. They are sometimes aphanitic, with small often reddish 
phenocrysts of felspar (1138, 1160). This is a water-dear albite, 

* As yet unpublished, but in use in the laboratory at Vienna, during 
the writer’s visit in 1914. 
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quite idiomorpliic, and either isolated, or associated in glomero- 
porphyritic aggregates, which are sometimes in ophitic relation to 
pseudomorphs after pyroxene. The original pryoxene phenocrysts 
were small and not abundant, and are now completely uralitised. 
The groundmass is very line-grained, sometimes massive, some¬ 
times with a strongly marked How-structure, in which there are 
small string-like accumulations of magnetite. The constituent 
minerals of the groundmass are minute laths of clear felspar, 
araphibolitised and chloritised granular pyroxene, and magnetite. 
Epidote occurs with quartz in the vesicles, which are often abun¬ 
dant. Secondary silicification sometimes has replaced more or less 
of the felspar-phenocrysts (as in 1138), and veins of quartz may 
traverse the rock. Small accumulations of dusty hmmatite are not 
uncommon. The rock of Pullman’s Hill, 48 Nemingha, is quite 
similar to the above, showing a good How-structure (1130). Its 
chemical composition is given on p.602; the composition of the fel¬ 
spar calculated from this analysis is Or 4 Ab ftll An 40 ,orAh 64 An 5e , 
which is rather more basic than the composition determined by 
optical measurements. This discrepancy, no doubt, arises from the 
presence of chlorite and epidote in the base. The spilite in the 
eastern side of Portion 6.3, Nemingha, is similar to the above 
(1150), so much so that there can be no doubt that it is really a 
portion of the same rock-mass separated from the Tintinhull and 
Pullman’s Hill spilites by folding and faulting. As remarked, the 
structure of these rocks is very similar to that shown by the por- 
phyritic spilites in the Eastern Series in the Nun die District, and 
is sufficiently illustrated by the photomicrograph already given of 
that rock. (See (17), Plate xxv., fig.3). 

Associated with these rocks, and apparently passing into them, 
is a less finely granular albitic rock, which shows the typieal rub- 
variolitic spilite-texture, and has finely crystalline margins about 
quartz-filled vesicles. Its pyroxene has now been completely urali- 
tised(1166). The albite-dolerite already described (1024) is in 
similar association with the spilites at Tintinhull. 

The porphyritic spilites of East Gap Hill have the same minera- 
logical features as those of Tintinhull, but differ in grain 
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size. If they be a portion of the same rock-mass as the Tin- 
tinhull rocks, as seems very probable, the conditions of consolida¬ 
tion must have been different. The porphyritic spilites on East Gap 
Hill are very coarsely granular, whore they are invaded by the 
dolerite near the summit of the hill, and diminish in grainsize, and 
increase in vesicularity as they are traced to the south. The more 
coarsely granular types contain large phenocrysts in a subvarioli- 
tic groundmass (1032,1033, 1168). The pbenocrysts are idioraor- 
phic plagioclases, but are moulded on augite, when the two minerals 
come into contact. They may be as much as 8 mm. in length. It 
is difficult to determine their composition, as the crystals are rather 
dusty, and full of partially ehloritised zonary inclusions of the 
groundmass, and of epidote. They seem to be albito, however. 
They are not zoned, and have been more or less replaced by a 
mosaic of minutely granular quartz, which may, in some cases, 
leave onrly the outer rim of the felspar intact. Phcnocrysts of 
augite also occur, either singly or in aggregates. They are rather 
decomposed, and may include large grains of magnetite. Some 
octahedra of magnetite also form phenocrysts. The groundmass 
consists of lathy oligoclase with forked rnicrolitic extensions, skele 
tal forms of ilmenite, as well as definite grains, and small grains of 
titanoraorphite. The pyroxene, which was originally in the form 
of small prisms, is now completely changed to chlorite and epidote. 
Irregular patches of secondary quartz-mosaic also occur in the 
base. The vesicles are numerous, and differ in their content of 
minerals. The following types have been noted:— 

(o)Outer margin, epidote; central portion, orthoclase. 
f&^Outer margin, epidote and chlorite; inner portion, quartz. 

(c) Outer margin, epidote and chlorite; inner portion, quartz- 
mosaic. 

(d) Outer margin, epidote; central portion, chlorite. 

(a)Outer margin, epidote; inner portion, chlorite; centre, epi¬ 
dote. 

(/) Epidote, chlorite and axinite, irregularly arranged. 

(g) Epidote, chlorite, felspar and axinite. 
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The southern end of this mass is very fine-grained, and exceed¬ 
ingly vesicular, and passes without any definite break into the mass 
of pyroclastic rocks that are described below. 

A single sill of spilitic dolerite invades the clayslates, at the 
Municipal Quarry in the Tamworth Common. It is a rock of 
medium to fine grainsize, with a subvariolitic texture (1018). The 
felspar is clear albite, with a few inclusions of chlorite. It forms 
long plates with occasional skeletal extensions. Intersertally are 
minute laths of felspar, and a small amount of granular quartz, 
mixed with a considerable amount of chlorite. Many small, brown 
grains of augite occur, together with a few larger ones, which are 
fairly fresh. There is also a little magnetite. Some secondary 
carbonates are present. 

Specimen 130.1, which represents what is probably a small intru¬ 
sion in Portions 213 and 210, Nemingha, is a most interesting rock. 
In hand-specimen, it seems to be a normal but rather decomposed 
dolerite, with large augite-phenocrysts. The microscope shows that 
its constituent grains are mostly shattered. The phenocrysts are 
large, zoned augites, similar to those occuring in certain andesites 
and porphyrites. The edges of the broken fragments of them are 
quite sharp, and show no sign of resorption. Generally they are 
yellow-brown or green, and are markedly pleochroic. Frequently 
adhering to these crystals are fragments of green partially chlori- 
tised glass, containing laths of acid plagioclase and spherulites of 
chlorite. This adheres only to the crystal-edges of the augite, it is 
not found against the fractured edges. The fragments of crystal 
and glass alike are embedded in a groundraass, which consists of 
irresolvable, apparently partly felspathic decomposed matter, 
which seems to have been produced by the pulverisation of felspar* 
phenocrysts, together with fragments of pyroxene, chlorite, epi- 
dote, calcite, and rarely a little magnetite. This rock is best con¬ 
sidered as a brecciated, hypocrystallite augite-porphyrite. (See 
Plate lii., fig. 2.) 

Keratophyres. 

These are far less frequent in the massive condition than the 
spilites or the dolerites, though they are very abundant in the 
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pyroclastic rocks. The largest development is in the complex on 
Portion 175, Nemingha. They generally contain some quartz. 
Two types may be specially noted. Specimen 1140 resembles the 
rocks from Pipeclay Gully, near Bowling Alley Point(l7\ It is 
vesicular, with phenocrysts of albite, in a base of Oner laths of 
felspar, and' a small amount of quartz with ehaleedonic margins. 
Chalcedony also occurs surrounding the grains of quartz. It 
is probably intermediate in composition between the porphyritie 
magnetite-keratophyres and the spilites. The first-named are the 
more coarsely crystalline. Their large phenocrysts are all albite, or 
are partly replaced by calcite, and a mosaic of minute prisms of 
albite; which certainly suggests the secondary nature of the albite. 
They are also dusted with other secondary material. There are, in 
addition, large octagonal areas of calcite and chlorite, which doubt¬ 
less represent former phenocrysts of augite. A few of these have 
inclusions of felspar. The base consists of minute laths of acid 
plagioclaso, chlorite, and magnetite, the latter occurring abun¬ 
dantly interstitially, and especially segregated about certain lines, 
as in 1148, and about the calcite-filled vesicles. Specimen 1361 dif¬ 
fers from the others in the finer grainsize, and in the absence of 
phenocrysts of augite, and also in the presence of a large amount 
of black inclusions in the margins of the felspar-crystals, which 
inclusions, however, do not seem to be of primary origin, but to 
have been introduced from the magnetitic matrix, and lie in the 
cleavage-traces of the felspar, and in other definite directions in 
the crystals that arc not marked by any noticeable cleavage. These 
two rocks also afford evidence of the pneumatolytic introduction 
of magnetite, in the later stages of their consolidation. 

Magnetite-keratophyre also occurs in Portion 110, Nemingha, in 
the southern extension of the East Gap Hill zone, but as it has 
some fragmental characters, it is discussed below. 

Some quartz-keratophyres remain for consideration. One of 
these (1142) occurs in Portion 138, adjacent to the magnetite- 
keratophyre of Portion 110. It is porphyritie, with phenocrysts 
of andesine which fill the numerous vesicles. Dusty haematite is 
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present in small amount. Specimen 1148 is a fine-grained, vesi¬ 
cular, purplish-grey rock, with small, clear phenocrysts of albite, 
one of which contains, in its central portion, abundant inclusions 
of dusty magnetite. These phenocrysts have a roughly trachytic 
arrangement. The groundmass consists of abundant minute fels¬ 
par-laths, sprinkled with finely divided haematite. Quartz is pre¬ 
sent in some amount, often chalcedonic, and a little chlorite occurs. 
There are abundant large vesicles filled with calcite, and chlorite, 
or quartz and chlorite. There is often a dense segregation of 
dusty magnetite around the whole, or only a portion of the peri¬ 
phery of the vesicles, and one can see that the zone of vesicles that 
are most abundantly surrounded by magnetite, corresponds ta a 
zone of enrichment by magnetite of the main mass of the rock, 
which lies on either side of a narrow crevice, running trans¬ 
versely to the flow-direction of the rock. This is clearly illustrated 
in the figure given (Plate lii., fig. 3). The presumption is that the 
magnetite in the rock has been partly, at least, introduced pneu- 
matolytically, and that surrounding the vesicles is due entirely to 
this method of deposition. This is in accord with the results 
obtained from the study of the Hyde’s Creek complex in the 
Nundle District(17). 

Rather different types of rocks, which, however, are clearly re¬ 
lated to the above, are represented by specimens 1360 and 1363, 
that occurred in association with the agglomerate in the complex 
illustrated by Text-fig. 13. They were termed Bpilite-porphyrites 
in the foregoing. The felspar-phenocrystS may reach 2 mm. in 
length, are dusty aud spotted with chlorite, slightly zoned, and 
show perieline- as well as albite-twinning. The augite phenocrysts 
are also large, 3 mm. x 0*5mm. at most, are fresh or more or less 
decomposed, and have a large optic axial angle (2 V »52 # ). Mag. 
nelite also occurs in large well-formed crystals. The groundmass 
consists of lathy andesine-oligjoclase, quartz in sharply defined 
crystal-grains, and but rarely intersertal, granular augite, and 
skeletal ilmenite, with small vesicles filled with quartz, chalcedony, 
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opal and chlorite. This rock is on the borderline between the 
quartz-dolerite-porphyrites and keratophyres, and, like the adja¬ 
cent dolerite proper, it has not been albitised. 

A more typical keratophyre is that occurring near Gap Creek, 
half a mile east of this spot (1130). Its composition is shown by 
the analysis given on p.602. Its texture is very net like; there 
is no sign of flow-structure, though the ragged felspar-laths some¬ 
times give a sort of ophitic texture with the small amount of 
augite, with which they are associated. The latter is now mostly 
changed to chlorite. The felspar also forms small, interstitial, 
spherulitic aggregates. Quartz is very abundant, both interstitially 
and in small veins, but there are no chalcedonie phases. The com¬ 
position of the felspar, as calculated from the analysis is 
Or 4 Aba U An l#l , equivalent to Ab M4 An lrt . 

In addition to this, there are a few occurrences of highly crushed 
quartz-albite-porphyrites, in Portions 168, 213, and 171, Nemingha. 
These consist (e.y., 1326, 1332) of broken phenocrysts of albitc 
(probably), with all the optical effects of great strain, and a 
ground mass of finely granular, and intergrown, strained quartz 
and albite. There is rarely also a little biotite in spangles and 
crystal-plates, wisps of fibrous, pale green actinolite, both in pheno¬ 
crysts and base, and a little magnetite and titanomorphite. A 
similar rock occurs on the north side of Housefield’s Hill, 
Woplomol, forming a, vein in the Middle Devonian rocks. The 
whole appearance of these rocks strongly recalls that of the albitic 
veins in the serpentines near Bingara, and it is not clear whether 
they should really be classed with the Devonian keratophyres(16, 
p. 091). 

Chemical Characters of the Spilite-Keratophyre Series. 

The chemical features of these rocks will be illustrated by the 
following table, which should be compared with the tables given 
in previous parts of the series (16, p.704; 17, p.139). 


13 
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Chkmioal Composition op M idols Devonian Ion Rons Rooks. 



1132 

1130 

1136 

A 

B 

C 

SiO, . 

49 96 

50*17 

7152 

72*51 

56*06 

52 88 

Al t O, . 

1549 

15*56 

11*76 

13*10 

18*36 

21*26 

Fe,O n . 

1*83 

2*18 

1*52 

2*81 

4*40 

2*73 

FeO. 

10*86 

12*06 

3 44 

0*90 

2*68 

8*02 

MgO 

4*70 

3 49 

1*18 

0120 

4*58 

493 

CaO 

8*52 

7*77 

2*72 

1 84 

6*06 

7-40 

Na„0 . 

2*90 

4*12 

5 05 

6*76 

3*71 

3 95 

Kj) . 

0 65 

038 

0*26 

0*33 

0*66 

1*16 

HgO + . 

2*47 

M2 

1*25 

0 35 

250 

253 

H,0~ 

0*04 

0*27 

0*14 

004 

028 

0*25 

CO g 

0 05 

021 

0*38 

0 76 

0*24 

020 

TiOg 

1*40 

1-51 

0 28 

0*31 

— 

— 

P a O ft . .. 

0*38 

0 18 

020 

0*06 

0*19 

029 

Fe8 a 

0 10 

0*10 

0*12 

— 

— 


Cr a O a 

aim. 

abs. 

abs. 

— 

— 

— 

MnO 

0 14 

0*43 

0 04 

0*20 

— 

— 

BaO 

abs. 

abs. 

abs. 

aba. 

— 


8tO. 

aba. 

abs. 

abs. 

— 

— 



: 99 48 

^99*55 

99*86 

100*17 

99*72 

100*58 

Analyst 

W.N.B.j 

W.N.B. 

VV.N B. 

Radley 

Mingaye 

White 


1132. Labradoritedolerite, Portion 110, Parish of Neiningha. 

1130. Albitic Spilite, Portion 48, Parish of Neiningha. 

1136. Quartz-keratophyro, Portion 175, Parish of Nemingha. 

A. Soda-granite-porphyry, Tayvallich, Argyllshire, 8cotland(26). 

B. Typical volcanic tuff, Taraworth(9). 

C. Matrix of coarse volcanic agglomerate, Tamworth(9). 

The discovery of calcic rocks in this area brings a feature into 
the discussion of the origin of the albitic rocks in this area, which 
was not present in the Nundle district; and some of the Tamworth 
rocks show the same microscopical features as those considered by 
various authors to indicate the secondary nature of albite in rocks 
of the spilitic suite, which features were not observable in the rocks 
described previous]y(17). As investigations are now in progress 
in the region between the Tamworth and Nnndle districts, the fur* 
ther discussion of this question will be postponed till it be finished.* 

* The writer hat received, too late for consideration in the/|j|e»ent 
paper, Dr. Nile 8undius’ work, which deals with this problem. Geologie 
des Kirunagebiets. 4. Beitr&ge zur Geologie des • (idlichen Tells das Kirn- 
nageblete. Vetenskapliga och Praktiska Understikningsr i Lappfand. 
Anordnade af Luossavaara-Kirunavaara Aktiebolag. (Scientific and Prac¬ 
tical Researches in Lapp!and, arranged by the Luossavaara-Klirnnavsara 
Aktiebolag.) UpsaJa, 1915, 
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Pyroclastic Hocks. 

It is in this division of the igneous rocks, that the greatest diffi¬ 
culty arises, for they range from types scarcely separable 
from the normal massive rocks to those which are clearly tuffs, 
and agglomerates that closely resemble conglomerates. They 
also have a wide range of composition, corresponding to 
the range of variation in the massive rocks, and may include 
fragments of all the known types of massive rocks, as well as 
others, which have not been found forming separate masses; they 
may contain also fragments of all types of sedimentary rock in the 
district. This naturally makes a logical sequence in the description 
of these rocks almost an impossibility. It seems, therefore, best to 
divide between pyroclastic masses that are referable to one igneous 
type only, and those of a mixed composition. The latter can 
be divided according to their coarseness of fabric. Of these, some 
of the most coarsely fragmental types have rounded inclusions re¬ 
sembling boulders in conglomerates. 

Of the rocks composed of a single type of material, we may, 
perhaps, take as an instauce the augiteporphyrite breccia already 
described. It certainly is a passage-rock of a nature between mas¬ 
sive and fragmental. A similar passage-rock is the spilite-breccin, 
wliieh lies on the margin of the spilite-dolcrite mass at Tintinhull. 
This rock consists of more or less fragmental phenocrysts of albite, 
set in a very fine matrix of the same character as that of the 
adjacent porphyritic spilite(1171). The breeciated quartz-kerato- 
phyres should also be mentioned here. Types occur, particularly 
in Portion 183, Nemingha, on West Gap Hill, which are even more 
fragmental than the highly strained keratophyres mentioned above. 
They have a grey quartzite-like appearance, and show small crys¬ 
tals of felspar, and have a more or less well marked bending. They 
consist of crystals of albite, irregular corroded quartz-grains, and 
sometimes fragments of a very fine-grained trachytic keratophyre, 
and aggregates of quartz and magnetite, drawn out into the general 
direction of the banding. The groundmass consists of the same 
material very finely divided. It is possible that these are flow- 
breccias (1062, 1126). 
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The pyroclastic rocks of the Igneous Zone on East Gap Hill 
extend down to Portion 136, and near their southern extremity, in 
Portion 110, is the fragmental raagnetite-keratophyre mentioned 
above(1122). It, also, is possibly a flow-breccia. It is extremely 
patchy in constitution; adjacent portions are of different composi¬ 
tion and texture; and the types of texture seen are usually different 
from those which are present in the magnetite-keratophyre-breecias 
at Hyde’s Creek, near Bowling Alley Point. The groundmaas of 
the rock is very like a sponge. The “sponger-fabric is made up of 
fine laths of albite, clouded by kaolin, etc., and so darkened with 
abundant masses of minutely divided magnetite, that it is almost 
opaque. The interstices are filled with minute prisms of glassy 
albite, generally twinned, and accompanied by a little chlorite. Set 
in this matrix, are fragments of dense trachytic raagnetite-kerato¬ 
phyre, with phenocrysts of albite and sometime* of fresh augite, 
and, in addition, there are fragments of normal trachytic kerato- 
phyre, with very little magnetite or augite. These inclusions vary 
from very minutely to coarsely crystalline types, and the latter 
may even be sufficiently rich in augite, to be classed as dolerites 
(Plate lii., fig. 4). A large vesicle present in the rock has been 
filled by a spongy mixture of albite and calcite. There can be little 
doubt that this rock has been affected by pneumatolytic solutions, 
which introduced the sodic felspar. The abundance of hematite, 
which gives the dominant red colour to the ferruginous pryoclastic 
rocks at the southern end of East Gap Hill, is probably also due to 
the action of these solutions, which have oxidised the magnetite in 
the magnetite-keratophyres. In those ferruginous keratophyres 
in which the iron ore seems to be of secondary, pneumatolytic 
origin, it is possible that the ore was deposited in the rock, in part 
at least, as hematite. In those, however, in which the majority of 
the iron occurs as magnetite, the dark grey colour is the character¬ 
istic feature. Of these, Specimen 1178 is typical. It has some 
macroscopical resemblance to 1122, but has very little groundmass. 
It consists of fragments of keratophyre, of which twelve different 
samples are to be found in a slice scarcely two square centimetres 
in area* These are closely fitted together, with a little cement made 
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of the material of the fragments finely comminuted. The following 
are the chief types of fragments present:—magnetHe-keratophyres, 
varying in the amount of iron present, more or less trachytic, por. 
phyritic, massive or hypocrystalline, the last being very vesicular; 
normal keratopbyre, porphyritic or massive, trachytic, or with a 
wavy flow-structure and occasionally vesicular, coarsely crystalline 
albitite, partially porphyritic keratophyre-dolerite, etc. 

The reddened rocks have usually a more ashy appearance, par¬ 
ticularly on weathered surfaces. In 1330, the inclusions are mostly 
fine-grained trachytic keratophyre, with minutely granular augite, 
and a few more coarsely granular, non-trachytic types are also pre¬ 
sent. The base resembles that of 1122; it is very spongy, with a 
few phenocrysts of albite, and abundant secondary albite and 
chlorite filling the vesicles. In 1336, the same feature are 
present, but parts of the spongy or pumiceous matrix are free 
from iron-ore, but shade off irregularly into strongly ferruginous 
rock. 

Hsematitic breccias similar to these, but much more coarsely 
fragmental, occur on West Gap Hill. In these, there are large 
areas of finely divided prehnite and epidote. The matrix is rather 
spongy, a hypocrystalline confusion of felspar-laths, phenocrysts, 
and microlites, and abundant haematite. 'ihe inclusions arc of 
various kinds of keratophyre; the most unusual of these has a tex¬ 
ture resembling that of “rhomben porphyry”; the others resemble 
those already described. 

In addition to the red rocks of this character, there are others in 
which there is no base. The rocks consist entirely of fragments, 
which are sometimes half an inch in diameter, and are closely fitted 
together. These (e.g., 1327) include keratophyre; prophyrite con¬ 
sisting of large rounded phenocrysts of acid plagioclase in a fine* 
grained subtrachytic base, in which are chlorite-filled vesicles; por¬ 
phyritic spilite, the felspar albite, and the augite changed to chlo¬ 
rite; devitrified rhyolite with a well marked flow-structure; mag- 
netite-keratophyre of varying character, sometimes extremely rieh 
in iron-ore, sometimes porphyritic with crushed ami shuttered 
phenocrysts; and felsites with a minutely crystalline or lithoidal 
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base abundantly charged with caleite, or a more coarsely granular 
quartz-lelspar mosaic, apparently greatly strained. It is, however, 
just possible that the last two fragments are of altered sedimentary 
rock. 

Hocks similar to these, but with rather smaller grainsize, form 
the bulk of the Igneous Zone of the Middle Devonian, that sweeps 
northwards to Moore Creek. They resemble the “Bowling Alley 
breccias,” of the earlier papers, with which they must assuredly be 
correlated (16, p. 710-711). An example of these rocks, showing 
a more diverse composition than usual, is illustrated in Plate liii., 
tig. (i, which is from slide 116M, from a rock which accompanies 
the porphyritie spilites in Portion 48, Neraingha. It consists of 
single crystals and rock-fragments. The former include quartz, 
uralite, and acid felspar; the latter range from spilites resembling 
the base of the adjacent porphyritie spilite, to more crystalline 
trachytic spilites, fine- and medium-grained keratophyres; quartz- 
keratophyre; quartz-porphyrite; and a soda-granophyre. In addi¬ 
tion, there is a fragment of radiolarian mudstone. There is practi¬ 
cally no groundmass. The metamorphic effect of the granites, 
which are exposed within half a mile of here, is seen in the develop¬ 
ment of abundant little flakes of secondary biotite in the fragments 
of keratophyre. 

Other rocks in this zone differ from this in the presence of frag¬ 
ments of dolerite, of more sedimentary rocks, and sometimes of 
limestone, or iu the presence of crystals of augite or magnetite In 
others, again, more groundmass is present, generally finely divided 
quartz,and felspar, with more or less chlorite. These are onlydiffer- 
ences of degree; no distinct varieties of pyroclastic rock can be 
separated. In the most finely granular of these rocks, the frag¬ 
ments are usually merely portions of single crystals, or of very 
minutely crystalline keratophyre. They have often a more abun¬ 
dant base of comminuted quartz and felspar, and, while they are 
generally unstratified, bedding is at times very clearly marked. 
Some of the pyroclastic rocks contain very well preserved radio- 
laria(iO). The felspar is usually albite. In one instance only 
has hypersthene been observed in these rocks. As a rule, the pre- 
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sence of stratification and of organic remains are the only means 
of distinguishing, in hand-specimen or microscope-slide, an inter- 
stratified from an intrusive tuff. 

All along the margin of the granite, these rocks are found to be 
more or less altered. This metamorphism lias been described in 
general terms in a previous paper (16), and very little additional 
information has been obtained from the present more detailed 
study. Generally, the effect has been to convert all the ferro- 
magnesian minerals present into aetinolite, which may be scattered 
all over the rock in secondary sheaf-like recrystallisations. The 
ilmenite becomes titanomorphite, and the plagiodase, clear albite, 
which may be more or less crystalloblastic. In more altered rocks, 
the felspar returns to an desine, which has been found in several 
instances, particularly in Portion 118, Nemingha. This accords 
with the behaviour of the spilitic rocks about the granites of 
Devonshire(27>. Erdmannsdorfer concludes, from his study of 
the diabases about the granite of the Harz Mountains, that, where¬ 
as the presence of basic felspar is an index that the rock has suf¬ 
fered contact-metamorphism, types with acid felspar result from 
dynamic metamorphism(28, p.73); this conclusion cannot how¬ 
ever, be applied satisfactorily to the rocks of the Tamworth 
district 

The most altered forms of spilitic rocks are those in Sections 
113 and 123, Nemingha. Macroscopieally, they are very like the 
garnet-bearing contact-altered spilites of Walkhampton in Devon¬ 
shire, which were described by Messrs. Dewey and Flett'27) 
They are banded dark green rocks, with long lenticular patches 
of quartz and felspar mosaic, probably representing former fei- 
spar-phenocrysts, and long bands of epidote and brown garnet, 
together with a little secondary acid felspar. The dark base con¬ 
sists of very finely matted chlorite and aetinolite, while there are 
also streaks of secondary magnetite. It is not clear whether these 
are altered vesicular, porphyritic spilites, or pyroclastic rocks. The 
former is the more probable. Adjacent, to these, is the amphibolite 
(altered dolerite) described above. 

Other types of rock occur, of wluch a few examples will suffice. 
A rock (1134), which occurs in Portion 173, Tamworth, is an 
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altered breccia, made up of many differing portions, each uniform 
within itself. The more finely granular fragments consist of small 
short prisms of hornblende with a roughly parallel arrangement, 
in a ground mass of small, equant, untwinned grains of quarts, and 
(probably) andesine; occasionally, there are large, irregular plates 
of an indeterminable felspar. Surrounding each such fragment is 
a zone of larger crystals of hornblende, among which are frequent¬ 
ly small patches of fresh, new-formed, colourless pyroxene, making 
irregular poikiloblastie plates. These have very oblique extinction, 
and a large optic axial angle. Rarely there are also poikiloblasts 
of hornblende. In the irregular groundmass between the frag¬ 
ments, there are also irregular prismoids of hornblende, granular 
and poikiloblastie secondary augite, poikiloblastie, dusty, twinned 
plagioelase, and abundant, usually untwiuned oligoclase-ande- 
sine(f) in the matrix. Rarely, also, there are poikiloblasts of 
quartz that are quite free from strain-effects. Magnetite is scat¬ 
tered about. 

Slide 1137, from the same locality, differs from 1134 in the pre¬ 
sence of large porphyroblasts of andesine. The secondary augite 
at times shows a sieve-structure, but more usually forms solid 
grains, or scattered granules. Erdmannsdorfer has described the 
development of secondary enstatite in the altered diabases by the 
granite of the Harz(28, pp.17-19). The pyroxene in the rocks 
just described, though it is augite, seems also to be secondary; it is 
certainly not residual, and as it occurs only in rocks quite close to 
the granite, it is probably developed under the effects of contact- 
metamorphism. Erdmannsdorfer observes that the degree of 
metamorphism necessary to produce secondary pyroxene is greater 
than that necessary for the change of augite into fibrous amphi¬ 
boly 28, p.37;; the present rocks seem to exemplify this conclu¬ 
sion. 

In the altered limestone of Seven-Mile Greek, is a green fel- 
spathic rock (1372), which is probably an altered pyroclastic 
inclusion. It consist of large poikiloblastie grains of andesine, 
dotted with small grains of diopside, here and there aggregated 
into dense masses. Scattered about there is also spbene in irregu- 
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lar grains* A small amount of quartz occurs with the felspar, but 
iron-ores are not developed. 

A very special form of pyroclastic rock is the agglomerate 
which occurs in Portion 162, Nemingha. As described above, this 
rock contains a number of rounded pebbles of igneous rock in a 
tuffaceous matrix. Though several types of rock appear to b> 
represented among the pebbles on macroscopic examination, the 
miscroscope shows them to be mostly of one type in different stages 
of alteration. They are porphyrites, with phenocrysts of plagioclase, 
more or less decomposed, slightly zoned, and, for the most part, 
determinable as oligoclase. In some of these, the former zoning is 
strongly marked by the presence of kaolin or dusty matter, though 
optical tests show the crystal to be of uniform acid composition 
(cf*BB,p723). Augite also forms phenocrysts, but is more or less 
chloritised, and has a strongly marked outer margin of magnetite. 
There are smaller phenocrysts of magnetite, and corroded quartz, 
lying in a very fine-grained felsitic base, in addition, there is a 
porphyritic spilite, with phenocrysts of albite, in a pilotaxitic to 
subvariolitic groundmass of albite-laths, with chlorite, ilmenite, 
magnetite, and titanomorphite. Sometimes there are vesicles 
filled with calcite. One of these rocks is very similar to the spilite 
of Tintinhull, or of the Eastern Series. Another rock(Kkm) has 
a rhyolitic appearance, but is quite liolocrystalline, and very finely 
granular. Its composition is that of a magnetite-keratophyre. 
There are idiomorphic or slightly corroded phenocrysts of acid fel¬ 
spar, and a few large accretions of minutely granular magnetic, 
and glomero-porphyritic quartz-felspar aggregates. The ground- 
mass is made up of trachytic microlitcs of felspar, dotted with 
dusty magnetite, and interspersed with rounded felspar-crystals, 
which are not really spherulites, as their appearance suggests. 
These are arranged in bands, and thus give the rhyolitic appear¬ 
ance to the rock. The matrix of this rock is composed of crystals 
and fragments apparently derived from the porphyrites, which 
form the most abundant inclusions. 

The pyroclastic rocks in the Upper Middle Devonian Series are 
similar to those in the Lower Middle Devonian, but are generally 
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more finely granular. The chief distinction, however, lies in the 
greater abundance of quartz and acid felspar in the newer rocks, 
fragments of cryptocrystalline and trachytic keratopbyre being 
very common. In addition to this, there is an abundance of purely 
keratophyric material, which forms the white interlamiuations in 
the claystones; these vary in thickness from some yards down to 
fractions of a millimetre. Sometimes they have a fiat lower side 
when they have fallen on to partially consolidated clay, or the 
underside may be indented where the falling grains sank into soft 
silt. The upper side is quite irregular in both cases (see Plate 
liii., fig. 7). Such interstratified tuffs may contain radiolaria 
or plant stems, intrusions of keratophyric tuff into the 
sediments are frequently observable under the microscope, 
a particularly clear instance being that shown in Plate 
liii., fig. 8. Fig. 9 of the same plate illustrates a clearly clastic 
rock, which is similar in all respects to the intrusive material in 
the specimen shown in Fig.8. 

The general character of the Upper Middle Devonian 
and Upper Devonian pyroclastic rocks has been described 
thus:—“At some depth below the surface the colour of the tuff 
is greenish-grey, weathering to yellowish-brown or lighter grey at 
the surface, and thus contrasting strongly with the darker clay- 
stones. A chemical analysis of the tuff will be found on p.602. 
Mr. Card describes them as felsite-tuffs, with numerous fragments 
of cryptocrystalline felsite (Keratophyre, W.N.B.) entangled 
in the holocrystaliine or microcrystalline groundmass. The 
latter is composed of broken or corroded crystals of plagio- 
clase, orthoclasc, quartz, and augite, with occasionally horn¬ 
blende, and rarely sphene” (titanomorphite, W.N.B.). “Small 
crystals of iron pyrites are numerous and grains of titani- 
ferous iron sometimes occur; small and large inclusions of 
radiolarian rocks abound.”(9). The fragments of radiolarian 
rock in the tuff are often very rounded (see Text-fig. 10), and there 
is some alteration of the tuff about them. Numerous instances 
occur in which the inclusion is ringed around by a pinkish-white 
zone, which is very distinct raacroscopically. Under the micro- 
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scope, Jiowever, nothing definite can be learnt as to its nature, 
and frequently it is not recognisable except in hand-specimen. At 
other times, there appears to be a slightly greater amount of kaoli- 
nisation, and the development of a little prehnite. It is evidently 
due to some radial diffusion, but does not appear to be connected 
with any process of albitisation. Prehnite is quite frequently 
developed in tuffs in patches that are not directly associated with 
cherty inclusions. So far as can be ascertained, the felspar in 
these pyroclastic rocks is almost entirely acid; no grain has been 
noted, of which the refractive index is greater than that of Canada 
balsam. The analysis (B., p60*2) does not indicate any great 
amount of soda, and the composition of the felspar calculated 
therefrom is that of labradorite. The entry of alumina into vari¬ 
ous decomposition-products, probably accounts for the difference 
between the calculated and observed compositions of the felspar. 

Limestones. 

The macroscopic features of the limestones of this district 
have already been described The following analyses illustrate 
their chemical composition. These were made by the chemists 
of the Geological Survey, for a memoir on the limestones of New 
South Wales, now being prepared by Messrs. J. E. Carne and 
L. J. Jones. The writer is much indebted to Mr. Carne for his 
kind permission to use them. Assays 1645-6 were specially 
made by Mr. Mingaye from specimens chosen by the author. 
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CaCO a 
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These samples came from the following localities 

Neraingha limestone. 

1146. Portion 118, Nemingba. 

1147. Portion 63, Nemingba (formerly Beedle’s Freehold). 

1645. White marble, Portion 134, Nemingha. 

1646. Red marble, Portion 134, Nemingha, (known as the 

“Nemingha red marble”). 

Loomber&h limestone(l). 

1395. Portion 121, Nemingha. 

Moore Creek limestone. 

1145. Portion 41, Woolomol. 

1148. Municipal Quarry, Spring Creek, Tamworth. 

1149. Reserve 1472, Woolomol. 

It will be seen that the rocks, as a whole, are very free from 
dolomitisation, and that the limestones of the Nemingha horizon 
differ from those of the Moore Creek horizon in the slightly 
greater content of iron, alumina, magnesia, and manganese. 
This is probably due to their association with igneous rocks, par¬ 
ticularly the ferruginous brecciated keratophyres. It is clear 
that the intrusion of the ferruginous keratophyres was accom¬ 
panied by the emission of iron-bearing solutions (17, pp.14-15). A 
red colour is a frequent feature of the limestones of this horizon. 

The description of the radiolarian limestone given by the 
previous authors(9,10) need not be supplemented here. Mr. 
Mingaye’s analysis of this rock is cited below. 

Around the margin of the granite, the limestones have suffered 
much alteration. This was briefly described in an earlier 
paper(10), and also in the paper by Messrs. David and Pittman<9). 
A number of additional slices made subsequently, have added 
but little to the information here given. The pyroxene developed 
seems, however, to be a green variety of diopside rather than 
omphacite. One new type of rock has been discovered in the 
northern, sharply bunt auticline, in Seven-Mile Creek. It con¬ 
sists almost entirely of silky-white wollastonite. Its interstices 
contain diopside, calcite, and a doubly refracting garnet. In 
another sample, diopside and garnet predominate over the woll- 
astonite, and .tlie garnet forms aggregates, half an inch in 
diameter. A third rock contains a little scapolite* 
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Middle Devonian Cherts and Clay stoves. 

The sedimentary rocks of the Middle Devonian Series have 
few features of petrological interest. The general characters 
were described by Messrs. David, Pittman, and Card(9), and the 
writer(lO). Here and there, they are enriched with tuffaceous 
matter, where zones of larger grainsize composed of fragments of 
quartz, felspar, or cryptocrystalline felsite, are interstratified 
with the normal claystone, into which they gradually shadeaway. 
In none of the rocks which the writer has studied microscopi¬ 
cally, has he been able to recognise the presence of minerals 
which ordinarily characterise contact-metamorphism, nor does it 
appear probable that they would be developed, if the intrusions 
of the pyroclastic material took place in the manner here de¬ 
scribed, which would involve an intrusion at a fairly low tem¬ 
perature. 

Considerably altered rocks occur about the granite; the most 
intensely altered are those actually included in the granite in 
Portion 66, Tam worth. These have abundantly developed biotite, 
and are interleaved with narrow bands of pegmatite, and granite. 
A less altered type (1133) is a fine-grained quartz-schist, with 
minute, chloritised Hakes of biotite, and fragments of orthociase 
and andesine. 


The chemical composition of the sedimentary rocks will be 
seen in the table herewith, of analyses by Mr. M i»gaye(9). 


Assay number (’97). 

1234 

1236 

1235 

| 1233 

8iO.. 

91 06 

80*50 

67*87 

18 05 

AI.O,. 

3-79 

9 57 
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Fe,0 $ . 
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MgO. 
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0 76 
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0-45 

0*60 
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tr. 
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tr. 
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— 

— 

— 
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MnO. 
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fcr. 

tr. 

tr. 

Organic matter . 

tr. 

0*88 

— 
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100*53 

99*67 

99 64 

100-44 
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1234. Radiolarian black chert. 'I The exact points at which these 
1230. Radiol a Han chertv shale. I rocks were collected are not stated. 
1230. Radiolarian shale. {They all came from the neighbour- 

1233. Radiolarian limestone J hood of the Tam worth Common. 

Upper Devonian Baldwin Agglomerate . 

Messrs. David and Pittman have pointed out that the matrix 
of the agglomerate occurring on Cleary’s Hill, near Tamworth, is 
identical with the breccias of the Middle Devonian Series(O), 
The writer has shown that this is a part of the Baldwin Agglo¬ 
merates, and that this similarity is a constant feature; indeed, 
the agglomerates may be described as an “ exaggeration of the 
features of the breccias of the Tamworth Series,” and when they 
take on a rather finer grain size than usual, it is impossible to 
distinguish them from the Middle Devonian rocks. At certain 
points they are full of rounded boulders, which decrease in size 
as the strata are traced laterally. Each centre has about the 
same assortment of boulders, though differences occur. The 
boulders in the agglomerates at Cleary’s Hill include the follow¬ 
ing: —Porphyritic dolerite, with phenocrystsof albite and augite, 
and a subvariolitic base; porphyritic spilite, with felspar-plieno- 
crysts and minutely crystalline trachytic base; felspathic dolerite; 
porphyritic andesite, as described by Mr. Card(9, p.36), in which 
the augite has the peculiar brownish tint and appearance char¬ 
acteristic of the brecciated augite-porphyrite described above 
(p.598); with decreasing amount of ferromagnesian minerals, 
these dolerites pass into keratophyres, sometimes porphyritic, 
but with a beautifully trachytic base (a very common rock), or 
the base may be felsitic or cryptocrystalline; one example is 
orthophyric and has no phenocrysts. There is also a quartz- 
keratophyre, the phenocrysts of which are more or less corroded 
quartz and albite, and the cryptocrystalline base contains long 
patches of fibrous radiating felspar, and also fragments of mag- 
netite-keratophyre. In addition, there are fragments of pro* 
viously consolidated tuff, of limestone, and of chert. The matrix 
consists chiefly of fragments of felspar, often zoned andesine, but 
also albite, quartz, augite, ilmenite, and a still more' minutely 
comminuted paste of these minerals, with calcite, chlorite, etc. 
The chemical composition of the matrix has been determined by 
Mr. White. (See C, p.602). 
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The agglomerate of Housefield’s Hill, in the centre of the 
Parish of Woolomol, contains approximately the same variety of 
boulders. The peculiar strained quartz-keratophyre is found 
also as a dyke beside the hill. The water worn appearance of the 
pebbles and boulders is especially marked in this locality. 

Seipentinea . 

The majority of the serpentines seen are similar to the rocks 
described in the earlier paper(16), and do not call for any further 
comment. One specimen, however, from Portion 118, Parish of 
Nemingha, is of special interest. It is a typical example of a 
serpentine derived from diallage The chief constituent of the 
rock is antigorite, which in some places exhibits the “ gitter- 
strufctur” perfectly, but is more usually distributed rather irregu¬ 
larly, or grouped into radiating masses. Some re&idual diallage 
is present, into which the antigorite cuts sharply, either as irregu¬ 
larly placed blades, or in lines parallel to a cleavage. The last 
remnants of the diallage are cloudy grey matter. Small ribbon- 
like veins Und irregular patches of fibrous anthophyllite(?) are 
also present, sometimes stained brown and matted, but never 
notably pleochroic. The an thophyl lit e-fibres may stretch across 
the whole width of the vein, or may grow out unevenly on either 
side of a narrow crevice. Very irregularly shaped masses of 
magnetite are scattered about. 

Associated with the serpentine is a little gabbro, which has 
also been described; it is remarkable for the replacement of its 
felspar by zoisite. One specimen contained olivine and hyper- 
sthene, two minerals which are rarely seen in the gabbros in the 
Great Serpentine Belt. (See 16, pp.683-4). 

Dykes of Dolerite in the Serpentine, 

A number of these have been studied, and found to correspond 
exactly with those described from the north side of Chrome Hill, 
Bowling Alley Point, of which an analysis has been made 
(17, p.136). According to the extent of the development of 
brown hornblende, the rocks may be classed as dolerites, with 
little hornblende, and proterobases, in which it is more abundant. 
Th6 hornblende, however, is always subordinate to the augite, 
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and frequently surrounds this mineral. The felspar is difficult 
of determination, but it seems to be sometimes oligoclase, some¬ 
times andesine. The ilmenite is usually represented by titano- 
morphite. Some sheared varieties of dolerite occur in which 
saussuritised felspar alternates with streaks of treraolite. 

Granite. 

The granite has been described by Mr. Card as follows:— 
“6665. Moonbi, close to the railway station. Not conspicuously 
porphyritic. Sphene readily visible. The quartz is crowded 
with cavities. Hornblende and magnetite are intimately asso¬ 
ciated in places, and, together with felspar, give rise by segrega¬ 
tion to basic patches. Orthoclase and plagioclase are present. 
The plagioclase may contain many foreign inclusions, andf may 
show good composition zoning; it appears to be a variety of 
oligoclase. Sphene is conspicuous, and shows some intergrowth 
with hornblende. 

37*28. Moonbi Tobacco Farm. This type is decidedly dioritic, 
and differs much from that above described. It is non-porphy- 
ritic. Sphene is abundant and can be readily obtained (some¬ 
times in well formed crystals) by washing the crumbling material 
under water. Under the microscope, one of the dominant 
minerals is hornblende; biotite is scarce. The hornblende is 
deep green in colour for the most part. It is more or less auto- 
morphic, and well cleaved. Sphene is plentiful. There is a 
little quartz, and practically no plagioclase. Orthoclase is 
perhaps somewhat larger in quantity than the combined ferro- 
magneaian silicates. The leucocratic constituents are plentifully 
traversed by highly elongated, colourless, transparent rods. As 
a handspecimen, this rock would be classed as a quartz-syenite/* 
( 12 ). 

Sections examined by the writer show similar features to those 
recorded above, but, in general, orthoclase does not seem to be 
so abundant as there indicated. 

The numerous dykes of pegmatite and aplite have not been 
subjected to microscopical examination. 
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The more basic dykes show interesting features; the following 
may be recorded : — 

M03. A dark vein in granite in Portion 114, Nemingha. This 
consists of a fabric of short laths, and less regular grains of 
plagioclase and ovtboclase with interstitial quartz. A few cor* 
roded xenocrysts of the two felspars and quartz are also present; 
the last is very distinct from the groundmass, and is surrounded 
by a reaction-ring. In addition, there are abundant fresh grains 
of augite and platy ilraenite. The rock may be termed a micro- 
monzonite, or monzonite-aplite. 

1308. A vein in Portion 145, Nemingha. This is also a micro 
monzonite, but is of a different character. The felspars are 
larger, more irregular, and partially interlocking. The augite 
has been replaced by hornblende, and some sphene is present. 

1174. A vein in the granite in Portion 73, Moonbi. This is 
very similar to 1308, but differs in presence of a groundmass of 
small felspar-laths, and small crystals of hornblende, and rarely 
a flake of biotite. The felspar seems to he chiefly plagioclase. 
The rock may be termed a micro-diorite or a diorite-aplite. 

1175. A vein in the granite in Portion 139, Moonbi. This is 
the most unusual rock. It is a minette with spheroidal inclu¬ 
sions, rather different from the “Kugelminette” of the Odenwald 
and elsewhere(80). The rock consists of crystals of brown, almost 
uniaxial biotite in idiomorphic plates, idiomorphic augite, and 
magnetite, in a finely granular, felsitic matrix, dotted with 
minute crystals of magnetite, and a few minute prisms of apatite. 
The spherules are about 2-3 mm. in diameter. They consist of 
fibrous radiating felspar, with a little quartz in the central parts. 
Included in these are large crystals of diopsideand biotite, which, 
in one instance, are in completely parallel intergrowth with each 
other. A little magnetite is dotted about. There is no bounding 
zone of coloured minerals marking the outline of the spherules. 
There are, in addition, druses with an angular, irregular outline 

, surrounded by a “fence” of diopside-prisras, directed radially 
inwards, followed within by an irregular zone of untwinned 
felspar, with a central quartz-felspar mosaic. The inner zone is 
dotted with diopside and magnetite. 

14 



618 GREAT SERPENTINE-BELT OF NEW SOUTH WALES, V., 

Tertiary Basalt. 

The basalt is extremely fresh. It consists of small laths of 
labradorite, slightly zoned) granules of augite, large prismoid) 
but not idiomorphiq grains of olivine, and small irregular grains 
and aggregates of ilmenite. There is a vesicle about 2 mm. in 
in diameter, the structure of which is shown in Text-fig. 15. All 
round the vesicle is a thick zone of minutely granular augite, 
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Fig.15.—A. Amygdule in Tertiary batalt(1164). Upper and middle por. 
tiou opal, lower natrolite. The first and last of these contain prisms 
of augite. B. Spherule of augite-pmms in the same rook as A. 

but within are comparatively large idiomorphic prisms of augite, 
of the same character as that in the groundmass of the rock, but 
lying more or less isolated in a matrix of opal and natrolite. 
The prisms are particularly well formed in the opal. The de¬ 
termination of this mineral is rendered certain by the very clear 
evidence of Becke's line, which shows that the colourless isotropic 
mineral has a distinctly lower refractive index than the natrolite. 
It is quite clear, and crossed by irregular cracks, without any 
sign of cleavage, such as analcite might show. There can be 
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little doubt that the vesicle was filled with magmatic water. It 
would seem that the jelly-like mother-liquor in the vesicles per¬ 
mitted the growth of well formed prisms of augite, which were 
pushed aside by the growing and mutually interfering spherical 
masses of natrolite and opal, in the outer portion of which the 
augites become imbedded. The growth of large idiomorphic 
crystals of ferromagnesian minerals in the concentrations of the 
residua) magmatic water is analogous in some respects to the 
formation of barkevicite in the analciticlugariles of the Glasgow 
district described by Tyrrell(31). It is also interesting as afford¬ 
ing a good instance of the primary nature of a zeolite, upon 
which subject a considerable literature has accumulated in recent 
years. [See e.g., Mr. Harker’s Presidential Address(32), and the 
article (and bibliography) by Koenigsberger(33)]. Beside the 
vesicles, there are small veins and irregular patches of opal and 
natrolite, and a little radiating aggregate of augite illustrated in 
Text-fig. 15B. In addition to these, there are also present a xeno- 
lith of olivine, augite, anorthite, and picotite, and isolated grains 
of the same minerals. Such xenoliths and xenocrysts are com¬ 
monly present in the Tertiary and Recent basalts throughout the 
world. 

Summary. 

The main results of the present work may be stated thus. A 
more detailed map has been made of the Tauiworth district, than 
that given by the previous authors who studied the district, and the 
subdivision of the Devonian Series instituted elsewhere in the Ser¬ 
pentine Belt has been applied, with amplifications, to this district. 
The result has been a general confirmation of the earlier work, 
with some modification in the details. The history of the area was 
apparently as follows. In Devonian times, a series of radiolarian 
claystones was deposited on a steadily sinking sea-floor, which was 
maintained at a fairly shallow depth. During this period, there 
were great developments of volcanic activity, producing large 
amounts of pyroclastic matter, building masses of tuff and agglo¬ 
merate, which, here and there, may have risen above the surface 
of the sea, as small, short-lived islands. There were two main 
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periods of activity, the first of which was also marked by the intru¬ 
sion of massive and brecciated spilites, dolerites, and keratophyres. 
Peculiar types of intrusive tuffs were constantly developed, and 
their probable mode of origin is here discussed. At two or three 
epochs, limestones were formed, and the fossil-content of these is 
sufficiently varied to permit of their distinction on palieontological 
grounds. The total thickness of the series cannot be exactly deter¬ 
mined, owing to the presence of an indefinite amount of faulting. 
An apparent thickness of over 12,000 feet of strata are of Middle 
and Upper Devonian age. Folding and faulting occurred probably 
in Carboniferous times. The movements were most pronounced 
along an axis running N.N.W.-S.S.E., but there is clear evidence 
of less important movements along a N.E.-S.W. axis. The folding 
was followed by the intrusion of peridotite, succeeded by that of a 
mass of granite, which produced interesting coutact-metamorphism 
of the tuffs and limestones. No further events are recorded until 
the eruption of a small amount of basalt, probably during the 
Tertiary period. The discussion of the physiography is reserved 
for a future occasion. 
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EXPLANATION OF PLATES XLIX. LIII. 

Plate xlix. 

Topographical Map of the Tamwortli District, plotted from a plane-table 
survey, with contour-liues based on aneroid observations. 

Plate 1. 

Geological Map of the Tam worth District. 

Plate Ii. 

Geological Sections along certain lines through the Tam worth District. 
The vertical and horizontal scale is the same. 

Plate Hi. 

Fig. 1.— Sheared keratophyre from the Eastern Series (1306); x 16. 
Fig.2.—Breociated bypoeryst&Uine augite-porphyrite (1303); x 13. 
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Fig. 3.—Magnebite-keratophyre with eceoudarily introduced magnetite 
(1148); x IS. 

Fig.4.—Magnetite keratophyre breccia with inclusions of dolerite (1122); 
x 13. 

Fig.3. —Breccia of various types of keratophyre, dolerite, spilite, and 
chert (1355); x 13. 

Plate liii. 

Fig.6.—Similar to Plate Hi., flg.5, but with large grains of quaitz(1163); 
x 17. 

Fig.7.—Crystals of felspar and fragments of miorocryptocrystalline kera¬ 
tophyre in radiolarian mudstone (N S. W.G.S. 627); x 17. 

Fig.8.— Intrusion of folspathio tuff into radiolarian mudstone. The clear, 
colourless o&Bts of radiolaria can be seen iti abundance (N.S. W. (Jeo). 
Survey, 1190); x2. 

Fig. 9.—Felspathio tuff of the same character as that in Fig.8; x 16 
(approx.). Polarised light. 

Fig. 10,—Intrusion of breccia into banded tuffaceous mudstone; one-half 
natural size. See Text-fig 5. 

Corrigenda to Part iv. (this Volume) y pp.lVl-170. 

Page 127 .—for “ Text-fig. 1. Spilite intrusive into radolarian clay.” read , 
Spilite intermingled with chert.” 

Page 143, line 12.-/or “fig 3”, read " fig.4”. 

Page 160, lines 17*18.—/or “From the nature of the case”, read 14 For 
topographical reasons (see Map (1), Plate xxii.)” 

Postscript (added October 28 th, 1915).—M. GiraiuTs descrip¬ 
tion of the peperites, (basaltic tuff-breccias) of the Auvergne, has 
come under the writer's notice while the above was in the press 
(Bull, des Services de la Carte Geologique de la France, No. 87, 
1902, pp. 299-367). The author reviews an extensive literature, 
and concurs with M. Michel Levy in considering that the peperites 
are instrusive into the Oligocene marls in the Limagne. They form 
selvedges to basalt-dykes, developed where the dykes traverse weak 
structures, such as marls, but not where they invade strong struc¬ 
tures, such as granite or limestone. Contact-effects are visible 
above as well as below the peperites. Where the overlying strata 
are sufficiently thin, the peperites broke through to the surface, 
and were deposited in water; such sedimentary peperites contain 
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organic remains, Helir, etc. M. Michel Levy thought the conver¬ 
sion of the basalt-magma into fragmental material, was perhaps 
due to the rapid escape of water from the magma, in regions where 
the containing walls of the dyke offered little resistance. It is often 
difficult to draw any line between the solid basalt and the marginal 
breccia, which has been thrust laterally into the weak structures. 
Sir A. Geikie remarks: “The material of the pepcrites has un¬ 
doubtedly here and there filled up the volcanic vents, and has 
been injected in veins and dykes around their margins. But the 
main mass of the material was ejected from the vents, and falling, 
os volcanic dust and sand . . . became interleaved with the con¬ 
temporaneous sediments” (Textbook of Geology, 4th ed., p. 1255, 
footnote). It seems reasonable to suppose that, if loose marls below 
splfd limestones, permit a magma to break up into pyroclastic 
material, such an action will be even more favoured in loosely con¬ 
solidated sediments without a compact covering layer. To this 
extent, the French peperites help us to understand the features of 
the Tamworth tuffs. One cannot, however, decide to what extent 
the pulverisation of the consolidating magma was brought about 
by the escape of magmatic water, or by the constant forward move¬ 
ment; of the magma, or by the strains set up, as in a Prince Rupert 
drop, by the rapid chilling of the melt. The general absence of 
recognisable points of eruption makes it also impossible to esti¬ 
mate the distance to which the intrusive tuffs have been thrust 
laterally into the sediments. But though clearly intrusive tuffs 
baye been found at many points, it is probable that the foesili- 
ferogs tuffs and breccias deposited in the normal fashion constitute 
the greater part of the pyroclastic rocks in the Great Serpentine 
Belt; 
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organic remains, lleli», et<\ M. Michel Levy thought the (‘diver¬ 
sion <»t* the basalt-magma mlo fragmental material, was perhaps 
due to the rapid escape of water from the magma, in regions where 
the containing walls of the dyke offered little resistance. It is often 
difficult to draw any line between the solid basalt and the marginal 
breccia, winch has been thrust laterally into the weak structures. 
Sir A. Geikie remarks: “The material of the peperites has un¬ 
doubtedly here and there filled up the volcanic vents, and has 
been injected in veins and dykes around their margins. But the 
main mass of the material was ejected from the vents, and falling, 
as volcanic dust and sand . . . became interleaved with the con¬ 
temporaneous sediments” (Textbook of Geology, 4th ed , p. 1 255, 
footnote). It seems reasonable to suppose that, if loose marls below’ 
solid limestones, permit a magma to break up into pyroclastic 
material, such an action will bp even more favoured in loosely con¬ 
solidated sediments without a compact covering layer. To this 
extent, the French peperites help us to understand the features of 
the Tamworth tuffs. One cannot, however, decide to what extent 
the pulverisation of the consolidating magma was brought about 
by the escape of magmatic water, or by the constant forward move¬ 
ment of the magma, or by the strains set up, as in a Prince Rupert 
drop, by the rapid chilling of the melt. The general absence of 
recognisable points of eruption makes it also impossible to esti¬ 
mate the distance to which the intrusive tuffs have been thrust 
laterally into the sediments. But though clearly intrusive tuffs 
have been found at many points, it is probable that the fossili- 
ferous tuffs and breccias deposited in the normal fashion constitute 
the greater part of the pyroclastic rocks in the Great Serpentine 
Belt. 









NOTES ON THE GEOLOGY OF THE CRADLE 
MOUNTAIN DISTRICT, 

With a Bibliography of the Pleistocene Glaciation of 
Tasmania. 

By W. N. Benson, D.Sc., B.A., F.G.S. 

Plates I.-1V. 

(Communicated by W. F. D. Butler, M Sc, LL.B., B.A ) 
(Bend Jlrd April, 1916.) 

Owing to the kind invitation of Mr Rod way and 
Professor Flynn, the writer had the good fortune to be 
a member of a parly spending the last week of 1915 in 
Mr. Weindorfer s Accommodation Hut near Cradle Moun¬ 
tain in the north-west of the Tasmanian highlands 
Though there was little opportunity for detailed geolo¬ 
gical work, many interesting features were observed, 
which, at tho request of the leaders of the party, aro 
here recorded, and correlated with the scattered references 
to this region in the writings of the few geologists that 
iiavc previously been in the neighbourhood A sketch 
map of tho geological features, and a topographical sketch 
map are also given, based on a manuscript map by Franz 
Mahsoher, supplied by Mr. Wcindorfer, and amended in 
accordance with surveys made by tho present party. The 
following account must be considered rather tentative, 
since lack of time prevented complete verification. 

Cradle Mountain may be reached most easily by the 
road from Sheffield through Wilmot and the Middlesex 
Plains, a distance of forty miles. The track crosses tho 
Isis River and Pencil Pine Creek, and then follows the 
Dove River to the foot of the mountain. Tho forma¬ 
tions traversed by this route, or adjacent thereto, are 
the Pre-cambrian schists, tho Cambrian sandstones, quartz¬ 
ites and conglomerates, Silurian limestones. Devonian 
granite, and Tertiary basaltic rocks (which are of several 
<ypes, varying from dolerite to tachylite), and alluvial 
deposits. ( 1 ). 

The four main formations in the vicinity of Cradle 
Mountain and Barn Bluff are the Pre-cambrian schists 
and quartzites, the Permo-carbonifcrous conglomerates, 
sandstones and mudstones, the Cretaceous dolerite, and 

(1) W, H, Tw$lv€trees. Bibliography No. 42. 
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the Pleistocene glacial deposits. A little recent alluvium 
is also present. The general disposition of the first three 
series is roughly indicated in Mr. Johnston s official 
Geological Map of Tasmania of 1884, the earliest chart to 
which the writer has had access A more accurate repre¬ 
sentation is found in the map given by Jeffrey Smith, 
‘based on information supplied by the Geological Survey 
of Tasmania.” (°). 

The Pre-cambrian rocks of the region have been 
briefly described by Messrs. Waller ( 2 3 ) and Ward. ( 4 ) The 
latter remarks that at Barn Bluff they strike a few de¬ 
grees north of west Between here and the Forth River 
the strike, according to Waller, is nearly east and west. 
In the immediate vicinity of Cradle Mountain the writer 
found the strike to be between E.N.E.-W.8.W. and 
N N.E.-8.8.W.. the former direction predominating to tho 
north-east of the mountain ; while to the north-west, along 
the Dove River, rocks have been observed striking west of 
noith. Evidently there is a great bend in the Pro-cam- 
brian fold-axes in this region The rocks are intensely 
folded ; numerous sharp anticlines and svnelines are 
visible. The dips are nearly vertical, and easterly dips 
are usually steeper than those directed towards the west, 
while the latter are more common. These facts suggest 
that overfolding has occurred under the influence of a 
thrust directed from the west,. 

The rocks present are all of sedimentary origin. They 
include dark grey phyllite, coarsely crystalline mica-schist, 
micaceous quartz-schist, felspathic quartz-schist, and 
schistose quartzite, showing abundant evidence of recrystal¬ 
lisation, and, indeed, passing locally into vein-like masses 
of quartz. True veins of quartz traverse the other i*ocks, 
occurring lonticularly in the bedding-planes or running 
obliquely thereto. Four samples have been examined 
microscopically ; the following are brief descriptions of the 
same, using the terminology adopted by Grubenmann ( 5 ) : 

14G1. Puckered Phyllite fhelicitic texture). This 
consists of a granoblastic ground mass of 
quartz-grains, with wavy bands of finely-di¬ 
vided carbonaceous matter, ftericite, and 
bleached biotite, the whole more or less stained 
with linionite. 


(2) A Nat.urnlist In Tasmania. London,, 1900, 

(3) See- Bibliography No. 21. 

(4) L. K. Ward. Contribution* to tho Geology of Taam&nia. gyete- 

matin Geology. The Pre-caml>rian. Proc. Roy. Soo. Toe. 1900. 

(5) Die kryatalllnen Schiefer. Second edition, 1W0. 
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14(54. Mica-schist with a lenticular schistose tex¬ 
ture consisting of granoblastic quartz, with 
large irregular porphyroblasta of orthoclasc, 
generally blackened by inclusions of carbona¬ 
ceous matter. These have resisted the shear¬ 
ing much better than the quartz, and are a 
frequent cause of the irregularity of the lenti¬ 
cular texture. A pale green mica is abun¬ 
dantly developed in the numerous shearing 
planes, and extends out from them. Semite 
is also present, and a very little andalusite and 
rutile. 

146b. Mica-schist with lenticular texture, consist 
ing of long irregular latitudes of close-packed 
pale, green weakly pleochroic mica, partially 
chloritiscd, separated by layers of granoblast ic 
but more or less elongated quartz grains. Large 
porphyroblasts of felspar, generally orthoclasc, 
but also albite, interrupt the continuity of the 
lcnticlcs of mica and quartz. Inclusions in 
these often continue the planes of schist osity 
Small grains of magnetite ore scattered 
throughout the rock, and a few grains of an¬ 
dalusite have boon noted 

146(5 A much crushed schistose quartzite, exhi¬ 
biting perfectly the klasto-porphyntic struc¬ 
ture It consists of large quartz-grains with very 
undulatory extinction and shattered margins, a 
few irregular uncrushod grains of albite, and a 
ground mass of finely comminuted quartz, with 
a few shreds of sericite 

All these rocks are charaetei istic of tile uppermost 
zone of Grubentn aim's classification of the crystalline 
schists. This bears out Mr. Ward’s view concerning their 
nature. 

Tile Pernio-carbomforous rocks lie on a very uneven 
surface of the crystalline schists. The irregularity is par¬ 
ticularly clear under Mount Brown, on the southern side 
of Rodway Gorge. The basal portion of the series con¬ 
sists of conglomerate containing pebbles derived chiefly 
from the Pre-cambrian series, but also from the Devonian 
granites and other formations. They pass up into pebbly 
sandstones and mudstones. A thickness of about seventy 
feet of conglomerate occurs beneath the north end of 
Cradle Mountain, but this increases considerably to the 
south and east. There is apparently not less than five 
hundred feet of the sediments beneath Mt. Brown, while 
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Mr. Montgomery records the presence of a thousand feet 
of sediment beneath Barn Bluff. The basal beds at the 
last locality comprise a hundred feet of conglomerate, fol¬ 
lowed by two feet of cannel coal, enclosed in black mica¬ 
ceous shale containing Glossopteris (ovata?) and Noeyyera- 
thiopsts sp. Above this lie nine hundred feet of marine 
mudstone, shale, sandstone and conglomerate similar to 
those occurring at Mt. Pelion, nine miles to the south¬ 
east, which contain such typical Pcrmo-carboniferous fos¬ 
sils as FrnrvteGa, S pi rifera , Product us, Aviculopecten and 
Stetiopora. ( 8 ) Mr. Waller has estimated the series at Mt. 
Pelion to bo from a thousand to fifteen hundred feet 
thick. ( 7 ) Thus the Pernio-carboniferous basin becomes 
deeper towards the south-east, and many of the outcrops 
show a slight tilt in that direction. 

At the surface in contact with the overlying dolcrite, 
the mudstones are more or less altered, gilicified and in¬ 
durated. Small veinlets of opal traverse the bands of 
black carbonaceous shale. The alteration does not extend 
more than about a foot from the dolcrite. It is well 
exposed on the northern face of Barn Bluff. 

The Cretaceous dolerite caps Mt. Brown, Barn Bluff, 
and Cradle Mountain. It has the same general characters 
as the Mesozoic dolerite in other parts of the island, and 
may be considered to be portions of sills once continuous 
with the dolerites of the Pelion Range. Waller affirmed 
this former continuity, but doubted the intrusive charac¬ 
ter of the dolerite. An examination of the base 

of the dolerite on the northern face of Barn 
Bluff, however, shows that it transgresses to a small 
extent across the bedding planes of the mud 
stonos; and in the case of Cradle Mountain the doler¬ 
ite rests on sandstones in the southern end, but on the 
underlying basal conglomerate on the northern. No feed¬ 
ing dykes were observed, but attention might well be 
directed to the north-eastern foot of Cradle Mountain, 
where, as seen from a distance, the dolcrite appears to 
pass down through the Permo-carboniferous rocks, to come 
into contact with the Pre-cambrian schist. (Bee Plate 3.) 
The dolerite on Barn Bluff is about 650ft. thick, that on 
Cradle Mt. 700ft., but that on Mt. Brown is per¬ 
haps not more than 300ft. Columnar structure is very 
pronounced in the two former masses; but in places 
the predominance of one direction of vertical jointing 
cause© instead a platoy structure. 

(6) See Bibliography No. 13 

(7) See Blbllographf No. 21 

• 0* Op. clt. supra. 
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The petrological character of the dolerites is of in- 
terost. They are of medium grainsizc, and consist pre¬ 
dominantly of plagiodase and pyroxene. The plagiodase 
tor ms small, more or less, idiom orphic tabula?, somewhat 
zoned, the central portion having the composition of 
bytownite. The pyroxenes are more varied, a rhombic 
and two types of monoclinic pyroxene are present. In a 
rock from the lower portion of the dolerite on Cradle Mt. 
(1468) there is a normal, more or less, ophitic augite (some 
times subidiomorphic), with the usual large optic axial 
angle, associated with, and frequently including prisma¬ 
tic crystals of enstatite. In a rock from the summit of 
the mountain, however, the monoclinic pyroxene, which 
is partly subophitic, partly subidiomorphic, has tw T o dis¬ 
tinct types, namely, those grains which have the normal 
optic axial angle (which arc in the minority), and those 
which are approximately uniaxial, indicating that they 
contain a large excess of magnesian silicate, i.e., are mag¬ 
nesium diopside, or the augite-onstatite of Wahl. This 
mineral has been previously recorded in the dolerite of 
Cataract. Gorge by Osann ( 9 ), and is known to be fairly 
common in other occurrences of dolerite in Tasmania. ( 1() ) 
In both these rocks, there is a small amount, of magnetite 
and of very finely crystalline intersertal granophyre, dotted 
with crystallites of magnetite The former of these 
locks contains grey f el spathic veins at first thought 
to be granophyre. They prove* to have a 
highly ophitic to poikilitie texture. The pyroxenes are 
sometimes roughly prismatic, ophitic or broken up into 
isolated patches, which are in optical continuity over 
quite largo areas. The pyroxene is quite fresh, usually 
uniaxial, but sometimes of the normal character. There 
are, in addition, small prisms of enstatite. The felspar is 
slightly zoned, lias the general composition Ah,Am, and 
forms a few small phenoerysts. Between tho tabula? is a 
small amount of minutely crystalline granophyre. A few 
large grains of magnetite are also present 

Two inches from the chilled margin of the dolerite of 
Barn Bluff the rock is very fine-grained, with an interser- 
tal structure. It contains small phenocrystic laths of 
plagiodase and larger prisms of augite, more or less con¬ 
verted into chlorite and carbonates At the margin itself, 
the grainsizc is extremely minute, and the texture appears 
to be subvariolitic. Both the.se rocks contain vesicles 

(9) llcbr-r elncn EnstatltftURit-fiihxeiul^n Dial ion von Tasnmnlon 
Centbl. far Min., 1907, pp. iW-ll. Translation by W. II. TwelvotrcoM Ann. 
Hep. Dept. Mince, Tas., 1907. 

(10» J. A. Thomson. Jmirn and Prof Roy. Soc. N.P.W., 1911. p 30b 
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filled with quartz, carbonates, and haematite. There is 
a remarkable absence of magnetite and of glass. 

The Pleistocene and Recent deposits will be beBt con¬ 
sidered with the general physiography, which we now pro¬ 
ceed to discuss. 

The writer ia indebted to Mr. Twelvefcrees’s report on 
the adjacent Middlesex district for an account of the 
general relation of the physiographic features to the re¬ 
gional topography of Tasmania. He states, “The entire 
area is an elevated plain or tableland, dissected by stupen¬ 
dous gorges, and diversified by residual mountain ranges.’’ 
He indicates that the tableland is separated by faults 
near Mt. Roland and Bell Mt. from the lower plateau 
near Sheffield and Wilmot, and lies at an elevation 
of 2,200-2,600ft. in the neighbourhood of Middlesex. ( n ) 
It rises gradually to the south-west, and around Cradle 
Mt. it lies about 4,000ft. above sea level. The plateau 
baa here cut across the uneven surface of contact of the 
Pre-eanibrian and Permo-carl>oniferous rocks, so that the 
surface of the plateau consists of irregular areas of the 
two formations The more siliceous Pre-cambrian rocks 
rise in small residuals, but the three dolerite mountains 
form tlio greatest monadnocks The plateau is trenched 
by the great gorges of the Forth River and its tributaries, 
to the east of Cradle Mountain, and by the gorge of the 
Furv on the west. The effects of the Pleistocene glacui- 
tion are everywhere visible, and to these we will devote 
special attention. 

Six periods may be recognised in the development of 
the present topography In the lirst, possibly early Ter¬ 
tiary period, the dolerite-sills were laid bare by erosion, 
r nd a roughly horizontal surface of erosion or peneplain 
was produced in the dolerite. An uplift followed of more 
than a thousand feet, and the present peneplain-surface 
was < ut out, of the older level, fragments of which remain 
as residuals, such as Cradle Mt. and Barn Bluff. A 
mature system of valleys was originated between these, 
and, in particular, the course of the Forth River was out¬ 
lined The third period was one of oscillatory uplift, accom 
panied by gentle tilting. The numerous immense gorges of 
the Forth and Pieman River systems were produced by 
revival of the ancient matured valleys. Tributary gorgevs 
such as Hanson's, Rod way s, and the Fury cut themselves 
right back to the foot of the residual mountains, while 
others, such as Smith’s Creek and the Hove River, and 
Pencil Pine Creek, were considerably deepened in their 


(11) Bibliography No. 42 
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lower portions, but the gorges had not cut back to the 
heads of the streams. During this period of alternating 
uplift and aggradation, flows of basalt occurred on several 
occasions outside the special area here considered. The 
oldest basalts, with their intercalated gravels, cover Mid¬ 
dlesex Plains, and were probably connected with those 
above Lorinna on the other side of the Forth Gorge (as 
shown by Mr. Twolvotrees). The upper portion of the 
gorge is a wide, open valley, in which there is a thick mass 
of gravel covered with basalt. Below this there are 
newer gravel terraces, and the present stream has cut down 
below these, thus giving a perfect example of a valley-in¬ 
valley topography. (Sec Bibliography 42, Plate. IV ) 
According to Mr. Andrews's view, the gravels were pro¬ 
bably deposited during periods of subsidence between tbe 
successive uplifts. ( 1H ). 

The remaining periods are those of maximum glacia^- 
tion, retreat of the glaciers, and finally the period of 
poet-glacial erosion. Possibly further research will show 
that the period of maximum glaciation comprised two or 
more maxima with intervening periods of retreat, as has 
been determined for the glaciation on the mainland, ( n ) 
but there is not sufficient evidence to permit of tins con 
elusion at present. The period must here be considered as 
a whole. 

Glacial features have been noted in tins region l>v 
Sprent (3), Montgomery ( ( J, 13), Waller (21), Twelvetrees 
(31), and Noctling (38), hut no detailed description has 
been given. At the time of maximum glaciation an ioe- 
fdicct extended over the whole region, the three main pro¬ 
minences being probably the only points emerging above 
the snow. The main directions of ice-flow w r erc deter¬ 
mined by the pre-glacial valleys that were roughly radial 
about Cradle Mt., but important overflow-glaciers were 
developed as the level of the ice rose, and .adjacent streams 
became confluent. In describing the manner in which 
these influenced the topography, we commence at Barn 
Bluff. file ice moved radially from this peak. To the 
west it fell over the gorge of the Fury, and was 
there broken up and melted. It does not seem likely 
tnat any mass of ice moved down this valley, since it ap¬ 
pears to bo a typical water-worn valley with overlapping 
spurs. To the south-east the ice moved out on to the 
plateau, scooping out the broad and probably shallow 

(12) E. C. Andrews UcoKrnplil^al 1’nlty of Eastern Australia. 
Jouru. 4 ia(l Proc. lloy. Soc. N S.W , pp. 42*MbO, especially p. 4J>. r > 

(13) David, Holms, and Pittman Proc. Linn Soc. N .S.W., 1901. pp. 

26 74. David. 1909, pp. 667-668. 
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basin of Lake Will, at the foot of the Bluff. North-east 
of the Bluff the ice-sheet moved across the plateau and 
fell into the gorge of the Forth River. Numerous small 
lakes were developed, such as Windermere and Agnew; 
their position probably depending on differential erosion,* 
the mica-schists, and the soft Permo-carboniferous sedi¬ 
ments being easily picked out. The ridge running to 
the south-east from the Bluff separated the northerly from 
the southerly flow, and is heavily cumbered with morainic 
material. Plucking of blocks of rock out of their original 
position must have gone on to a ^reat extent, for one finds 
large blocks (up to 16 by 11 feet m area) of comparatively 
fragile coal measures, lying among the debris (Montgomery 
13). 

The eastern side of the ridge joining Bam Bluff and 
Cradle Mt. is broken into a great cirque with minor embay- 
ments, which surround the heads of tributaries of the 
Forth River. The ridge consists of horizontal sediments 
lying on the ancient rocks, which form the floor of the 
broad and relatively shallow cirquo. Tto eastern aide 
has been sapped back into a continuous cliff. The floor is 
heavily glaciated and,littered with morainic material. To 
the east the glacier from this cirque joined the ice-sheet on 
the plateau and foil over into the Forth River Gorge. 
West of the connecting ridge there is little sign of glacia¬ 
tion, the surface sloping regularly down into the Fury 
Gorge. Possibly the dominant west wind prevented the 
accumulation of much snow on this slope. ( 14 ) 

East of Cradle Mt. is the grandest example of a 
cirque in the district. On its floor is the lako for 
which the name Lake Rodway has been suggested. It 
lies in a broad and deep trough, around the head of which 
rises the crescentic rulge of Cradle Mountain. It is 
probable that the name of the mountain was derived from 
the resemblance this trough and rim-ridge bear to a miner's 
cradle. The crescentic form of the ridge is due to the 
cirque eating deeply into the eastern side of the original 
monadnock, while the western side has been scarcely 
affected; a further instance of asymmetry. The cirque is 
r ot simple, but is broken into four steps, by transverse 
bars of quartzite. (See Plate 3.) The “treads' of the two 
upper steps are narrow, the third is broader, and bears 
a small shallow lake, the outlet of which falls over a 
strongtv glaciated bar into the main basin of Lake Rod¬ 
way, the depth of which has not been ascertained. A 

(14) Compare O. K. Gilbert. gyatematio Aeymotry in tlw High Sierras 
of California. Journal of Gejl.. 1904, pp. 670-5S6. 
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Plate II 



TOPOGRAPHIC SKETCH MAP OF CRADLE MT AND LAKES. 

The arrows indicate direction of Ice movement during Glacial Period Scale, 1 inch 640 yards. 
Contour Interval about 100 feet Soundings m feet. (Figuies approximate only ) 
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broad glaciated bar follow®, beyond which the stream 
falls directly into Rodway Gorge, which is a water-cut can¬ 
yon. The boundary between the glaciated and water-cut 
surfaces is sharply marked. To the south, the main basin 
was extended by a cirque, cutting back into the soft 
Permo-carboniferous rocks of the ridge joining Cradle 
Mt. and Mt. Brown. This cirque, however, does not 
contain a lake, and is separated from Lake Rodway by a 
long moraine. 

In the period of maximum glaciation, this great 
tiough must have been filled to overflowing with ice, which 
was more than a thousand feet deep. Overflow-glaiders 
made their way over the northern rim cf the trough, bear¬ 
ing boulders of dolerito, now scattered erratically. Once 
over the ridge, they broke up, fell down into a small 
gorge, were more or less recemented there, and, joined by 
the overflow-glacier from near the outlet of Rodway 
Lake, they scooped out a little rock basin before finally 
failing into the canyon proper. This little basin may be 
aptly named the Hidden Lake. The passage of the over¬ 
flow-glaciers has cut the northern ridge, bounding the great 
trough, into a succession of cross-ridges of quartzite and 
hollows cut in mica-schist. 

North of Cradle Mt. lies Dove Lake, a deep rock 
basin formed by the enlargement by glacial erosion of the 
upper part of the Dove River. The ice from the plateau 
and the north-western face of Cradle Mt., a total area 
of about 1,000 acres, collected in the head of the stream, 
passed down a steep fall on to a “tread” 400ft. below the 
plateau, where Lake Wilks was cut out. A second tread 
was formed near the lake-level, after a further fall of 
about 300ft. . The further effect of the ice is shown by 
the soundings. (These were measured from a raft in a 
strong breeze, and must be considered as rough approxima¬ 
tions only, both in depth and position.) The upper end of 
riie lake is a basin at least 108ft. deep, separated from a 
basin almost 200ft. deep by a quartzite ridge (at one 

I joint only 72ft. deep, but rising into islands). The shal- 
ow point (48ft.) beyond the second basin probably marks 
a ridge connecting the quartzites of the great promontory 
with those of Mt. Campbell, on the opposite side of 
the lake. Beyond it is another deep (144ft.), separated 
by a quartzite ridge and islet, from the westernmost basin 
(46ft.). in which the Dove River ice was joined by the 
overflow from Crater Lake. The outlet stream passes 
over a drift-covered plain, probably concealing a rock-bar. 
Further soundings of this lake are very desirable. 
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In addition to this moulding of the floor of Dove 
Lake, the smooth curve of the eastern wall was rounded 
out by the middle portion of the glacial stream, while 
above, overflows made their way to the north-east. A 
large flow went past the northern end of Cradle Mt. to 
join the ice in the Rod way Valley, a second passed 
over the ridge south of Hanson’s Lake, soooping out 
the little group of tarns there. A third passed over 
ihe gap into Hanson’s Valley, converting the head of the 
valley into a lake basin. The contrast between this beau¬ 
tiful cirque-lake and the rugged water-cut gorge below it 
is very striking.* These three overflow-glaciers were 400ft. 
above the present level of Dove Lake. At the northern 
end of Dove Lake overflows of ioe passed across the 
watershed and dolcrite boulders may be found high up on 
the slopes which lead down into Smith’s Creek. 

Lake Lilia owes its origin to the flow of ice that 
came down from the Crater Lake. It is a shaJlow pan, 
the greatest depth found being 45ft. The ice escaped 
from here over a rock bar into Dove Lake. An interest¬ 
ing feature is the almost complete removal of the old 
divide between Lake Lilia and Dove Lake, the ridge be¬ 
tween the two lakes rising only thirty feet above the level 
of Dove Lake. (See Plate 4.) The outlets of the two 
lakes are separated by a beautiful roche moutonn£e hill. 
The various strata cross this diagonally, and the surface 
of the hill, otherwise quite smooth, is pitted with jagged 
hollows, containing lakelets, and marking spots whero 
vast masses of rocks havo been plucked out by the mov¬ 
ing glacier. No better examples of this process could be 
desired than are to be seen here. 

Crater Lake is another most interesting feature, 
clearly exhibiting differential glacial erosion. Its southern 
end is a great cirque-wall rising more than five hundred 
feet above the lake, and cut into a mass of rather soft 
felspathic schist between quartzite bands. The lake 
is here 203 feet deep. The centre of the lake is 
crossed by a bar of quartzite only 30ft. below the 
surface. This bar continues to the north-east of the lake, 
forms the small knoll near the outlet, and extends down 
to cross the outlet of Lake Lilia. The side of the knoll 
is polished and grooved by the ice-stream from Crater 
Lake, which passed down into Lake Lilian The 
gap by which this stream escaped from the Crater Lake 
basin has been filled by a ridge of morainic material which 
now rises about a hundred feet above the lake. The northern 
portion of Crater Lake contains two basins, a# shown 
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by the 'soundings, and the outlet passes over a rock-bar, 
and entera Cradle Valley as a stream hanging nearly 600ft. 
above the base of the main valley. 

Another well-marked cirque appears on the northern 
side of Cradle Valley, about a mile above the accommo¬ 
dation house. It is cut down out of Hounslow Heath 
to a depth of about 700ft., and enters the main valley 
almost at grade. There is a little morainic matter in the 
floor of this cirque, but no lake. No well-marked cirque 
occurs at the head of the Cradle Valley, which has, never- 
thclese, been greatly modified by glacial action. It is a 
broad, deep, steep-sided valley. The glacier which filled 
it received tributaries from the Crater, Lilia and Dove 
valleys, and escaped in part by the present Dove Valley, 
but also a large overflow passed over the col and down 
Smith’s Creek. Dolerit.e-crratics have been traced down 
the Dove River about half a mile below Cradle Valley, 
and about a mile down Smith a Creek, and probably ex¬ 
tend to the commencement of Smith s Gorge a mile or two 
further down. 

No detailed study has been made of these terminal 
regions, in which the complex record of retreat and ad¬ 
vance may ultimately be deciphered. There seem to 
have been small gorges cut in the older glaciated valleys, 
and some sign that those have been subsequently occupied 
by ico, but it is not clear whether this is the work of inter¬ 
glacial river action or merely of subglacial streams The 
well-timbered character of these valleys prevents the 
observer from obtaining a general view of the whole. 

The last stages of the period of glacial retreat were 
responsible for the moraines in Cradle Valley. Typically 
hummocky moraine fills the lower part of the valley and 
extends across into Smith’s Creek. A lateral moraine- ex¬ 
tends along the southern side of the Cradle Valley, rising 
250ft. above the floor. An arcuate terminal moraine 
closes tho outlet of Lilia Creek, and a thin ridge of 
moraine extends down towards the outlet of Crater Lake, 
possibly a remnant of a small terminal moraine. It is 
interesting as fallowing the mark of an overflow-channel 
fifty feet above the present outlet. Small masses of 
morainic material occur in most of the cirques mentioned. 

The flnal period of post-glacial erosion has had very 
small results. Some morainic material has been removed, 
and small outlet valleys Notched in the terminal moraine, 
and patches of alluvium have been formed. 

Summarising, we may say, that though the glaciers 
here were large enough to overfkn. their valleys, there is 
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no evidence that they extended far to the north, but 
occupied only the comparatively mature upper portions of 
a rejuvenated river system, and did not extend beyond 
the heads of the canyons which then reached to within a 
few miles of their source. In the gorge of the Fury, 
which had been cut back almost to its source, no sign of* 
glaciation was observed. 

The writer is indebted to all the members of the party 
for assistance in various ways, especially in raft-building 
aud sounding. Mr. Butler’s and Mr. Maxwell's photo¬ 
graphs have been most useful in the preparation of the 
paper. Mr. Butler has provided the amended copy of 
M&lscher’s map, which is the basis for the geological map 
herewith, and Mr. Twelvctrees has kindly discussed with 
the writer some of the questions here raised and added items 
to the Bibliography. To his father, Mr. W. Benson, the 
v/riter is indebted for Plate 3 herewith, based on photo¬ 
graphs, sketches and descriptions. Plate 4 is from a 
photograph by Mr. Spurting, of Launceston. 
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THE GEOLOGY OF THE OOOMA DISTRICT, N.S.W. 

Part I. 

By W. R, Browne, b.So.. 

Aasistant Lecturer and Demonstrator in Geology in the University 

of Sydney. 

[/lead before the Royal Society of N. 8. Wales, July 1,1914.] 

I. Introductory. 

II. Stratigraphical and Descriptive. 

Summary, 

(a) The Metamorphic Series:—Schists and phyllites. 
Igneous gneisses—mottled, Cooma, blue, white and 
pink gneisses. Amphibolite. Pegmatites and quartz 
veins. 

(b) Ordovician. 

(c) Silurian. 

(</) Post-Silurian but Pre-Tertiary: — Quartz-porphyries. 
Berridale granite. Myalla Road Syenite. 

Geological age of the igneous intrusions. 

(«) Tertiary and Recent:—Olivine Basalt. Diatoraaoeous 
earth. Travertine. River Gravels, Aeolian deposits. 

III. Economic Geology:—Bushy Hill mines. Tripolite. Lime¬ 
stone. Barytes. 

IV. Age of the lfretarnorphic Series. 

V. Geological History up to Tertiary times. 

VI. Physiography:—Present topography. Sussmilch's interpre¬ 
tation. Details of development of the river system. Age 
of the basalts. Origin of the lakes. 
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I. Introductory. 

Comparatively little has been written, and no detailed 
work has hitherto been done, so far as I am aware, in con¬ 
nection with the geology of the extremely interesting 
region round Cooma. 

Rev. W. B. Clarke, in his “Southern Goldfields” (Chap, 
vn, and elsewhere) makes reference to the schists and 
gneisses, the olivine basalt* the chiastolite slates of 
Geygedzerick Hill, and the Berridale granite. 

Professor David 1 makes passing mention of the meta- 
morphic rocks, pointing out their lithological similarity to 
those of Mitta Mitta in Victoria, and to the Pre-Cambrian 
series along the eastern slopes of the Mount Lofty and 
Flinders Ranges in South Australia. He suggests that on 
these grounds the Cooraa metamorphic series may be pro¬ 
visionally referred to the Pre-Cambrian. 

The physiography of the region lias been dealt with in 
papers by Siissmilch* and Griffith Taylor. 3 Other refer¬ 
ences will be given in the text. 

The present paper is the outcome of a visit paid to Cooma 
in February 1912, at the suggestion of Professor Woolnough, 
for the primary purpose of examining the pegmatite veins 
occurring in the gneiss. My attention was attracted by 
the extent and variety of the metamorphic rocks in the 
neighbourhood, and a few excursions into the surrounding 
country suggested in addition some stratigraphical pro¬ 
blems of interest. 

The town of Cooma is on a branch of the Great Southern 
Railway Line, 266 miles from Sydney, and 130 miles south 

1 Proo. Linn. Soo. N.S.W., Vol. xxxjii, 1908, p. 668. 

* Notes on the Physiography of the Southern Tableland of N.S.W. 
This Journal, Vol. xliii, 1909, p. 831. 

• The Physiography of the Proposed Federal Territory at Canberra. 
Commonwealth Bureau of Meteorology, Bulletin No. 6, Dec. 1910. 
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from the junction at Goulburn. It is 60 miles from Mount 
Kosciusko and is at a height of 2,662 feet above sea-level. 

II. Stratigraphioal and Descriptive. 

Summary. —The country dealt with in this paper com¬ 
prises & roughly elliptical area extending from Oooma about 
9 miles to the north, 6 miles to the east, and to the south 
and west 11 miles each: the greater part of this area has 
been studied in considerable detail. The rocks outcropping 
include, in addition to a metamorphic series whose age is 
uncertain, representatives of Ordovician, Silurian and (?) 
later Palaeozoic, as well as of Tertiary and Recent times. 

The metamorphic complex consists mainly of mica-schists 
and quartz-schists in great variety, phyllites and quartzites. 
These are intruded by a gneissic series. Three varieties 
of gneiss are recognised, differing in texture and general 
appearance, and quite distinct from each other. These 
will be known as the mottled gneiss, the Cooma gneiss, 
and the blue gneiss respectively. A pink and a white gneiss 
are probably genetically connected with the blue gneiss. 
Among the gneisses and schists is found an amphibolite 
intrusion of limited occurrence, with associated dykes and 
apophyses of fine-grained pyroxene-amphibole granulite 
aud schist. A number of pegmatite dykes also intersect 
the metamorphic complex. 

The Ordovician rocks consist of slates, gritty slates and 
quartzites,and one small patch of limestone, unfossiliferous. 

In the Silurian are comprised a considerable belt of lime¬ 
stone, slates, gritty sandstones, and quartzite; these lie to 
the east of the Ordovician rocks. On some horizons there 
is an abundant fossil fauna. Here too may possibly be 
included some very highly shattered quartz-porphyries 
which occur interbedded with the slates. 

For reasons which will be mentioned later, a number of 
igneous intrusions are referred to the Devonian orOarboni- 
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ferous. These are the Berridale granite, the Myalla Road 
syenite, with accompanying dykes of bostonite, and lastiy 
an extensive series of quartz-porphyry intrusions. 

Tertiary and recent rocks are represented by basalts 
which are extensively developed over the area, by deposits 
of diatomaceous earth, of chemically-formed limestone and 
of alluvial. Late Palaeozoic and Mesozoic formations are 
entirely absent. The strike of the sedimentary and meta- 
morphic series is approximately meridional, the mean of 
about fifty compass readings being 347\ 

(a) The Metamorpiiic Series.— The rocks constituting 
this series occupy a considerable area on all sides of Oooma 
excepting the east, as may be seen from the map: to the 
south-west of Oooma they disappear under basalt, so that 
their southerly extension cannot be accurately determined. 
Schists, occurring as iuliers amid the basalt, have been 
fouud 6£ miles due south of Oooma, and it is quite possible 
that metamorphic rocks extend much farther south. On 
the north the series has not been traced farther than 
Pearman’s Hill, 9 miles north of Oooma along the Sydney 
Road: there is every reason to believe, however, that they 
extend a great many miles beyond this. 

The Schists .—In the centre parts of the complex the 
schists are well crystallized, but on the east and west they 
pass gradually into pliyllites: this is most noticeable on 
the west, where there is, beginning from the western side 
of Dairyman’s Plain, a gradual transition into the Slack’s 
Creek pliyllites: on the eastern side the phyllite belt is not 
nearly so broad, and it is interrupted in some places by 
intrusions of gneiss, and in other places concealed by basalt 
Hows. It is to be noted that the schists have a much 
wider extent to the west than to the east of a meridional 
line through the main outcrops of the Oooma and the blue 
gneisses. The sedimentary origin of these schists is proved 
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by the presence of interbedded quartzites in the form both 
of lenticular patches a few yards long and a few inches 
wide, and of more continuous layers. The prevailing 
quartzose nature of the schists too would tend to indicate 
their derivation from arenaceous sediments. There is a 
notable proportion of what may be termed quartz-schist, 
containing predominant quartz, with a subordinate amount 
of mica: ordinary mica-schist, too, is plentiful, and a mica- 
schist with porphyrobtasts of (?) cyanite has been found in 
a few places in close contact with the blue gneiss. A very 
well-defined variation of the schist is really a kind of very 
fine-grained gneiss, according to Van llise’s definition of the 
terra. 1 In hand-specimen a fracture perpendicular to the 
schisl osity shows alternate bands of light and dark minerals 
on a small scale. The dark micaceous layers are about 
*2 mm. thick, the more acid layers ranging between 1*5 and 
2*5 mm. approximately. These rocks seem to be similar in 
origin to the other schists, with which they are intimately 
associated, and from which they cannot be differentiated. 
In many places the schists are interleaved with Oooma 
gneiss which has been subjected to mechanical deforma¬ 
tion: the minerals have been broken up and the grainsize 
considerably reduced; in such cases it is often impossible 
to differentiate between a relatively coarse-grained schist 
and the mechanically altered gneiss. 

The planes of schistosity often show much bending and 
puckering; this is rendered very noticeable when, as 
frequently happens, little pegmatite veins have been in¬ 
jected along these planes. The numerous pegmatite and 
quartz veins which occur throughout the schist generally 
follow the planes of foliation, and quite commonly there 
have been regular lit par lit injections of pegmatite. 


1 A Treatise on Metamorphism, p. 782. 
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Slack's Creek phyllites .—Along the western side of 
Dairyman’s Plain, as has been mentioned, the appearance 
of the schists changes; quartz no longer appears inega- 
seopically, the chief visible constituent being mica, and the 
rocks grade into shimmering micaceous phyllites. These 
may be named the Slack’s Greek phyllites, 1 from their 
conspicuous development there. A traverse westward from 
Kiaora homestead exhibited well the Oariations of these 
rocks. Succeeding the crystalline schists, very shiny mieu- 
phyllites predominate. These are finely corrugated and 
highly cleavable. Closely associated arc rocks of generally 
similar character, but more coarsely corrugated, and 
roughened by knots of (?) incipient andalusite. Those 
knotted phyllites are very frequent in bands of a few inches 
to a foot thick: the boundaries between them and the 
bands of plain and finely corrugated phyllite are very sharp, 
and two varieties can readily be obtained in the same hand 
specimen. 

Interbedded with the phyllites (for the planes of sehis- 
tosity have also been bedding-planes) are bands of a hard 
dense dark blue quartzite or quartzitic schist, often a couple 
of feet or more in width. These quartzites also occur as 
lenticular bands about 3 or 4 foot long and 4 or 5 inches 
thick. 

The prevailing dip of the phyllites is easterly and varies 
considerably in amount, from a very high angle down to 
about 30°. 

Just about where the Dry Plain road crosses Slack’s 
Greek there can be seen a black micaceous slate inter¬ 
bedded with the phyllites. Further up the creek, about 

1 The term phyllite has been objected to in view of the plainly 
autogenic character of the rock, but the name has been coimdered neces¬ 
sary on account of the markedly micaceous character of the rock as com 
pared with the schists. 
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lj to 2 miles north of where it is crossed by the Adaminaby 
road, the micaceous slates predominate, having interbedded 
with them occasional bands of smooth and knotted phyllitc, 
as well as quartzite and a whitish-grey gritty variety of 
slate. 

The Slack’s Greek phyllites, as well as the schists, are 
conspicuously traversed by vertical joints running at a 
bearing of 80°, or nearly perpendicular to the strike. This 
system of jointing is noticeable along Spring Greek, at the 
Wallaby Rocks, and in other places where the schists out¬ 
crop. The phyllites are seamed with quartz veins and 
reefs. In general these bear no fixed relation to the strike 
of the country, but some have evidently been injected 
along the planes of schistosity. In some of the veins the 
quartz is strongly grooved and scored. 

To the east of the metamorphic complex the transition 
from schist to phyllite cannot be traced so clearly as on 
the western side, partly on account of the capping of 
Tertiary basalt concealing the outcrops, and partly on 
account of the pink and white gneisses at Bunyan being 
intruded just about where the transition band should be. 
The belt of phyllites is only about one-third as broad as 
the western belt. It can be seen at intervals along the 
Sydney Road between Oooma and Bunyan; iu only a few 
cases could slight knotting be observed. 

Igneous gneisses .—Under this head are treated those 
three occurrences of gneissic rocks whose igneous origin 
has been proved beyond doubt, mainly by the presence of 
inclusions of the sedimentary schists and by definite evid¬ 
ence of intrusion. 

On the Murrumbidgee, between Mittagang Bridge and 
Wallaby Rocks, in the hilly country east of the Bridge, 
and along the Murrumbucca Road, representatives of all 
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three varieties of gneiss are seen to intrude the schists, 
fragments of which they frequently include. 

The limits of these threo formations, and particularly of 
the Oooma gneiss and the mottled gneiss, cannot be 
definitely laid down, owing to obscuration of their textural 
peculiarities by metamorphic and other influences, and also 
to the fact that a great deal of the gneiss has been intruded 
as tongues along the planes of schistosity of the invaded 
formations. The mapped-in occurrences, therefore, must 
not be taken to represent the total extent of these rocks. 

The mottled gneiss .—The mottled gneiss is the oldest of 
the three: it is a very line-grained rock, with a charac¬ 
teristic mottled appearance due to the alternation of 
patches of biotite in wavy bands with patches of the light- 
coloured constituents. This mottled gneiss has a fairly 
wide distribution throughout the metamorphic area, in 
relatively small patches as a rule. Mount Gladstone 
(Oooma Hill), about three miles to the S.W. of Oooma, is 
composed principally of this rock, which is also found 
intruding the schists in various places, principally to the 
west of the town. So much alteration of the schist has 
taken place, through metamorphism due to intrusion and 
the injection of countless little pegmatite veins, and so 
much change in the mottled gneiss from similar causes, 
that it is at times impossible to separate them. No doubt 
a certain amount of contamination of the igneous material 
has taken place during the process of injection: indeed 
this Is proved by the fact that microscopically sillimanite 
is seen to be a constant constituent of the mottled gneiss. 

The appearance of the gneiss in hand specimen would 
never suggest its igneous origin, its flne grain and mottled 
schistose appearance being characteristic rather of an 
altered sedimentary rock. Indeed for a good while I was 
inclined to class it as such, until the discovery of schistose 



180 


W. R. BROWNE. 


inclusions, and of the occurrence of the rock in tongues 
through the schist, indicated its intrusive character beyond 
a doubt. 

The Gooma gneiss .—The Oooma gneiss comes second in 
point of age. The main mass of it, which outcrops in and 
around Oooma, is about 5 miles long, the greatest breadth 
being a little over 2| miles, but this by no means represents 
the entire outcrop, for isolated patches occur about 5 miles 
south of Oooma, and nearly as far west as Kiaora home¬ 
stead, in addition to several small outqrops north of the 
town. Besides those occurrences which are definitely 
recognizable as Oooma gneiss there are numerous outcrops 
of crystalline rock which have all the appearance of Oooma 
gneiss which has undergone extreme crushing, producing a 
reduction in the grainsize and a schistose foliation. These 
probably represent tongues or upward injections of the 
original rock into the schists, which in consequence of their 
narrowness have suffered more from mechanical deform¬ 
ation than other intrusions of greater breadth. Such out¬ 
crops are to be found at many places among the schists to 
the north and west of Oooma. Occasional remains of large 
crystals of felspar or quartz, as well as lenticular inclusions 
of schist, point to the shattering of an original massive 
igneous rock. It seems probable, therefore, that the 
underground extent of the Oooma gneiss is much greater 
than might be determined from the main outcrop; in par¬ 
ticular a considerable extension to the north and west of 
Oooma is indicated. 

The original granite mass from which the gneiss is derived 
must have sent numerous apophyses into the surrounding 
rocks, and this is only to be expected, seeing that the 
invaded formations were probably already cleaved, and 
therefore possessed of planes of weakness, at the time of 
intrusion. These gneissic dyke-like intrusions are fairly 
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numerous, and a notable 

feature of their occur- 1 ** 

rence is that apart from 51 
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bucca Road these are found of lenticular shape about 
three feot long, and with a maximum breadth of about 
four inches. They occasionally consist of a hard outer 
shell of an inch or one and a half inches thick, with a core 
of softer rotten schist. This may be a kind of case-harden¬ 
ing, due to the heat etc. of the eruptive rock. Partial 
digestion of the inclusions seems to have occurred, or their 
recrystallization, as exhibited in the cuttings just outside 
Oooma on the Berridale road. 

In general appearance the Oooma gneiss is very variable. 
Typically it has quite a granitic fabric and massive struc¬ 
ture, but at times it assumes a schistose appearance and 
develops a rude cleavage, particularly near its boundaries. 
Again, a typical gneissic structure may be exhibited, bands 
of light and dark minerals alternating, due in some cases to 
lit par lit injections of pegmatite, but often, I believe, to 
recrystallization at the time of metamorphism. Here and 
there are to be found dykes or bands of a more acid gneiss, 
consisting of quartz, felspar, and white mica, of the same 
general texture as the ordinary gneiss, but differing in the 
absence of black mica. 

The normal gneiss itself consists, megascopicaily viewed, 
of quartz, felspar and biotite in varying proportions, 
generally with a subordinate amount of white mica. Locally 
the acidity of the rock may be increased, while again, 
especially along the borders of some large pegmatite vein, 
the biotite content increases very largely, giving the rock 
a very basic appearance. Preliminary microscopic examin¬ 
ation shows the constant occurrence of topaz, and of little 
zircons with pleochroic haloes in the biotite. 

The grain of the gneiss is as a rule very even, but felspars 
up to l£ inches long and quartz grains up to 4 inches long 
occur, giving the rock in places a porphyritic appearance. 
These are evidently fragments which have resisted crush- 
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ing, and would indicate that the original granite was either 
very coarse grained or else porphyritic. That they are 
not products of reerystallization their sparing distribution 
would show. 

The blue gneiss .—The extent of this, particularly to the 
north, has not been fully traced. The investigated outcrop 
occupies a fairly largo area some distance to the west of 
the Sydney road between Bunyau and Peannan’s Hill, and 
is well developed at the point where the Murrumbidgec, in 
emerging from its V-shaped gorge in the Berridale table¬ 
land, executes a sharp S-shaped bend. Like the Ooorna 
gneiss, the blue gneiss sends out numerous tongues into 
the surrounding rocks, and inclusions arc frequent, also 
what look like basic segregations. 

For the most part the rock shows well-marked foliated 
gneissic structure, but as one goes westward across the 
outcrop between Governor's Hill ami the Murrumbidgec, 
one notices that about \ mile from the edge of the intrusion 
the rock loses its gneissic appearance and becomes granitic, 
resembling, in fact, a normal biotite granite. Here, too, 
it weathers into the great rounded tors characteristic of 
massive granite. At the southern end of the main intru¬ 
sion there is a porphyritic and relatively acid facies, with 
pink, simply-twinned orthoclase phenocrysts measuring up 
to £ inch by \ inch. As has been mentioned, numerous 
dykes of blue gneiss are found, usually with the strike of 
the schists. A long dyke-intrusion can be traced along the 
Mittagang Road from the Cooraa Creek bridge nearly as 
far as the waterworks distributing reservoir about a mile 
out of Cooraa; further on the same dyke appears in a rail¬ 
way cutting, crosses the Sydney road, and eventually 
disappears under the basalt behind Ooorna Railway Station. 
A probable continuation of this dyke northward would 
make its total length somewhere about 6 miles. The width 
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of the outcrop varies; in some places it is upwards of 100 
yards, thinning considerably towards the southern end. 
The gneissic structure is very pronounced, and the basicity 
of the rock increases towards the south, megascopic free 
quartz disappearing and the layers of biotite giving the rock 
the characteristic bluish-black appearance from which the 
whole gneiss has been named. 

The white and pink gneisses .—Along the Sydney Road 
there is a long band of acidic gneisses which has been 
traced from a point 1-j- miles north of Tillabudgery Trig. 
Station as far as Pearman’s Hill, a total distance of over 
5£ miles, and which may extend farther north still. At 
Bunyan the outcrop is not less than 400 yards in width, 
and it forms a strong feature on the west of the Sydney 
road for some distance past the Oooma Greek bridge. Two 
varieties of gneiss are recognised. The white gneiss has in 
many places^strongly marked gneissic foliation, the folia 
consisting of quartz and felspar alternately, with subordin¬ 
ate development of white mica in small flakes. Apparently 
of somewhat later origin, since it intrudes the white gneiss, 
is a pink rock strongly jointed, very compact and seen under 
the microscope to consist mainly of quartz, with very 
subordinate felspar, the whole stained with haematite, and 
possessing marked schistosity. 

The affinities of these two gneisses it has been found 
impossible to determine with completo satisfaction. Not 
far past Gooma Greek bridge the white and blue gneisses 
were found in close association, and what looked like an 
intermediate type of gneiss, very similar to the blue gneiss, 
but with very subordinate mica, was also seen. On the 
whole it seems as if the white and the pink gneisses were 
genetically related to the blue gneiss as later acid differ¬ 
entiates from the same magma. A pink rock which intrudes 
the blue gneiss at Pearman’s Hill may be a phase of the pink 
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gneiss. It is however devoid of gneissic banding, and has 
more of the appearance of a felspathio porphyry. 

Amphibolite .—In the town of Oooma, 200 yards or so 
south of the R. O. Church, is an outcrop of amphibolite 
intrusive into the Oooma gneiss. The main outcrop is of 
rudely circular form, and about 50 yards in diameter. The 
rock consists largely of coarse amphibole crystals up to § 
of an inch long, medium and tine-grained modifications 
occurring in subordinate association. The first two kinds 
are massive, but the fine-grained rock is in places notably 
schistose, with bands of flue pegmatite running parallel to 
the schistosity. The mutual relations of the three varieties 
are obscure, the graiusizo changing abruptly without any 
apparent reason. 

Interstitial white material in the coarse and medium¬ 
grained varieties probably represents felspar. Apophyses 
from the main mass are thrown out to both north and south; 
medium-grained amphibolite is found in the street between 
the R. O. Church and Convent, and a narrow dyke can be 
traced for upwards of half a mile to the south. Pegmatite 
veins seam the main outcrop in all directions, and the 
southward dyke is generally in close proximity to a narrow 
vein of pegmatite. 

Small isolated patches of amphibolite, usually not more 
than a yard or two in diameter, are found. One is on the 
north side of the Berridale road at the first rise out of 
Oooma, having associated with it ill-defined dykes of fine¬ 
grained amphibole schist; another occurrence of coarse¬ 
grained rock is at Pine Valley, a little north of the Berri¬ 
dale road, and a third has been noticed to the west of the 
Mittagang road, near the S.W. corner of Portion 108. These 
last two occurrences, like that in the town of Oooma, are 
closely associated with pegmatite veins: the probable 
significance of this will be discussed later. 
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This amphibolite must be taken to represent an original 
dioritic or gabhroic rock intruded subsequently to the 
Oooma gneiss, but anterior to the large pegmatite veins. 

The pegmatites .—Pegmatite veins are distributed very 
widely among the crystalline me tarn orphic rocks, but in 
spite of this their relations to the surrounding rocks are by 
no means clear in ail cases. There have been three sepa¬ 
rate igneous intrusions in connection with which pegmatites 
might have been injected. With regard to the blue gneiss 
no evidence has been found to show that there was a proper 
pegmatitic phase of the intrusion : it is different with the 
others. The schists, particularly to the south and west of 
Oooma, are in places very strongly injected with pegmatitic 
material. Owing to the fact of the mottled gneiss and the 
Oooma gneiss having been intruded over very much the 
same area, it is often impossible to tell to which intrusion 
these injectious are due. Furthermore, both of the igneous 
gneisses have themselves been subjected to pegmatisation. 
This may be observed in the bed of Oooma Greek a few 
miles north of Oooma, at the head of Snake Gully near 
“Kiaora,” and elsewhere. Long veinlets of pegmatite 
follow the lines of foliation of the gneiss, occasionally 
bulging out into lenticular masses. The sedimentary 
schists have been similarly affected, the little pegmatite 
stringers being very numerous, and following the puckerings 
and foldings of the schist. These veinlets are as a rule 
narrow, varying in width from \ of an inch up to a couple 
of inches or so, although some in the Oooma gneiss attain 
a width of 6 inches. They consist for the most part of 
quartz and flesh-coloured felspar, with subordinate white 
mica and black tourmaline. 

Apparently distinct from these minor pegmatites, there 
have been observed a number of larger and more truly 
pegmatitic injections. The principal of these and their 
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position relations to the Oooma gneiss, are indicated on the 
map (Fig. 2). They nearly all have an approximately 
meridional trend, and consist of quartz, felspar, mica and 
tourmaline; no other minerals have been recognized mega- 
scopically. Mr.O. h\ Laseron, of the Technological Museum, 
Sydney, has kiudly given me a piece of rock picked up by 
him near the Cooma pegmatite dykes, composed mainly of 
quartz and epidote. Unfortunately however, the relations 
of this fragment with the pegmatite could not be established 
although there is a strong probability of some connection 
between them. 

Graphic granite is a feature of all the occurrences, and 
there are also coarse irregular intergrowths of quartz 
and felspar. Occasionally a rude “comb structure” is 
developed by the crystallization of large felspars growing 
towards the centre, the central space being filled with 
quartz. Mica, both white aud brown, is developed, the 
latter sometimes being particularly noticeable along the 
sides of the veins with the short axes of the crystals 
parallel to the walls of the intrusion. Tourmaline often 
occurs in large segregations, but may also be irregularly 
distributed: in the Oooma veins the tourmaline occurs 
mostly along the boundary between the comb structure 
felspars and the central filling of quartz. 

There is at times a notable local increase in the basicity 
of the country rock in the vicinity of a pegmatite vein, 
expressed by a concentration of biotite along the margin 
of the intrusion. 

The dimensions of the veins are not in every case ascer¬ 
tainable, owing to the presence of a covering of soil. The 
occurrence west of Mittagang road appears to be about 20 
feet wide, two others are 15 feet and 6 feet respectively, 
while those in the town of Oooma are not more than a foot 
or two in width. Some of them must have considerable 
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length: the main vein in Gooma lias been traced south for 
about a milo, and it is probably the same which outcrops 
along the east bank of Gooma Greek a mile or so north of 
the town. None of the other outcrops have been traced 
for more than 150 yards. 

The contacts with the invaded formations are as a rule 
quite sharp. In the case of the Gooma pegmatite this is 
very marked indeed; here a great number of veins intersect 
the amphibolite and the gneiss, and in each ease the bound¬ 
aries are very definite. 

In a number of the veins or dykes there is evidence of 
crushing subsequent to intrusion. This chiefly affects the 
margins of the dykes and shows itself in jointing parallel 
to the walls, and in marginal granulation of the pegmatite, 
producing a coarse aplitic-looking and rather friable rock. 
Most of the dykes exhibit this to some extent, but a notable 
exception is the Gooma pegmatite, which remains quite 
massive, this being possibly due to its being in the heart 
of the Gooma gneiss and so more effectively protected from 
crushing than those dykes which are among the less 
resistant schists. A certain amount of ragged-looking 
white mica often developed in the cracks of the felspars 
may be secondary.. 

The relative proportions of quartz and felspar in these 
pegmatites are very variable, quartz being sometimes very 
subordinate and at other times the predominant mineral. 
The dyke at “Kiaora” is characterized by a number of 
elongated outcrops of quartz up to 8 or 10 yards in length, 
bordered by felspar and graphic granite. 

Quartz veins .—By the decrease and vanishing of felspar 
we have veins of tourmaline greisen and of quartz with 
tourmaline. These probably represent the last phase of 
pneumatolytlc action, and have an origin similar to that 
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of tbe pegmatites, although no actual case was found of a 
pegmatite vein grading into a quartz vein. 

Quartz veins are very common among the altered rocks, 
often grooved and slickensided, and generally following the 
strike of the country. Some of them are metalliferous: 
mispickel occurs in one to the N.W. of “Kiaora,” and I 
understand that silver was formerly mined in a quartz reef 
at the mouth of Slack’s Greek. Some of the barren quartz 
reefs which outcrop may be connected with the intrusion 
of the Berridale granite. 

The relations of the pegmatites and the gneisses, as has 
been said, are not at all clear. The Oooma gneiss is the 
most likely intrusion for the pegmatite to be connected 
with, but it may be noted that on the hill behind the R.O. 
Ohurch in Oooma, the pegmatites intrude the amphibolite, 
which in turn appears to intrude the Oooma gneiss. More¬ 
over the well-defined boundaries of the veins would indicate 
the intrusion of the pegmatite after the complete solidifi¬ 
cation of the invaded rocks. On the whole, however, it 
seems most reasonable to suppose that the injections 
represent the pneumatolytic phase of the Oooma gneiss. 
As for the minor pegmatites—those narrow stringers which 
seam both gneisses and schists—it is hard to say whether 
they are all to be correlated as phases of the Oooma gneiss 
magma or not. 

The very striking, though not constant, association of 
pegmatite and amphibolite suggests that these two may 
represent complementary differentiates from the magma 
of the Oooma gneiss. This, however, is a matter which 
can only be determined, if at all possible, by laboratory 
investigation. 

(b) Ordovician. —While it is not intended at the present 
juncture to discuss the relations of the metamorphic series 
with the other formations, it may be remarked here that 
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there are strong indications of a gradual passage from the 
crystalline schists through phyllites to Ordovician slates. 
Going due west from Kiaora homestead, one notices that 
the Slack’s Greek phyllites appear to grade into dark 
micaceous slates which become less micaceous and more 
like ordinary slate. At McCarty’s Grossing, near the 
junction of Bridle Greek and the Murrumbidgee, are bands 
of hard dense blue-black slates interbedded with whitish- 
grey felspathic-looking slates, and dipping east. The black 
slates contain obscure marks of graptolites, which have 
been identified as such by Mr. W. S. Dun. Lithologically 
these slates are similar to those interbedded with the 
phyllites on Slack’s Greek, and appear to be of the same age. 

Going west along the Adaminaby road slates similar to 
those at McCarty’s crossing are found to occur as far as 
Wambrook Greek. I was unable to examine in detail the 
slates occurring here, but Mr. 0. F. Laseron has kindly 
shewn me specimens of slates containing well-preserved 
graptolites, found by him some distance up Wambrook 
Greek from the road, and exhibited before the Linnean 
Society in 1909. 1 Mr. Laseron has also very kindly furnished 
me with the following list of the graptolites represented:— 
Diplograptus foliacius (very abundant), Climacoyraptus 
bicornisy C. liastata (very abundant), Diccllograptm 
elegansy D. c<iduccu8 ? D. aflinis , (?) Pleurograptus. 

These slates are chiastolite-bearing, the presence of this 
mineral being due to contact metamorphism of the slates 
by the intrusion of the Berridale granite. 

Following the Adaminaby road past Wambrook Greek 
one meets with a succession of rotten slates, and farther 
on of quartzites, extending right on to the outcrop of the 
Berridale granite, about 14 miles out from Oooma. These 

1 Proc. Linn. Soc. N.S.W., xxxiv, 1909, p. 118. 
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rocks are assumed to bo Ordovician* as by tlieir strike they 
are somewhat to the east of the Geygedzerick Hill slates 
mentioned below. 

Dense black slates outcrop between Oooma and Bunyan, 
and at Bunyan to a distance of 400 yards east of the Sydney 
Road. No fossils have so far been discovered in them, but 
their marked contrast with the Silurian slates farther to 
the east, and their lithological similarity to those west of 
Slack's Greek, seem sufficiently striking to determine their 
age as Ordovician. The exact eastern boundary of these 
slates is not known, its determination being rendered 
difficult by the quartz-porphyry intrusions, by cappings of 
basalt, and by the recent alluvials of Gooma and Middle 
Flat Greeks. However there is a distinct difference in 
appearance between these slates and those outcropping 
further to the east which are definitely Silurian, so the 
Ordovician may be taken as having its eastern boundary 
approximately as given on the map. 

At Bunyan these slates have been locally silicilled, or 
replaced by silica, with retention of their original cleavage 
and other characteristics. This I can only ascribe to the 
intrusion of the white gneiss: traversing across the strike 
one observes all gradations from evident gneiss to equally 
evident silicifled slate ; there is no distinct line of demar¬ 
cation between thorn. 

Although they are not included in the map, and are 
somewhat beyoud the area dealt with, some mention must 
be made of the Ordovician slates of Geygedzerick Hill, 2} 
miles N.H. of Berridale. I am indebted in the ilrst instance 
for information as to their existence to Mr. L. Grater, a 
science student at the University of Sydney, who kindly gave 
me some specimens of the slates which he had picked up on 
the spot. The hill, or rather ridge, looks to be the end of 
a tongue of slates and quartzites almost surrounded by 
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granite, the quartzite being mostly on the lower slopes 
nearest the igneous rock, while the slates appear on top of 
the ridge. Contact metamorphism has produced a very 
dense black slate, only imperfectly cleaved, and exceedingly 
rich in chiastolites. These vary very much in size, some 
being of microscopical dimensions, while others are upwards 
of \\ inches in length. In spite of the alteration which 
they have undergone, the slates contain a great abundance 
of fairly well preserved graptolites, Tetrayraplus, Duly - 
moyraptus and Diployraptus being recognized. The pres¬ 
ence of these fossils in such a good state of preservation 
here and elsewhere, denotes that the cleavage planes of the 
slates coincide with the bedding-planes of the original 
sediments. 

It is interesting to note that the presence of chiastolites 
in the slates of Geygedzerick Hill was observed by Rev. 
W. B. Clarke in 1851, 1 though, curiously enough, he seems 
to have failed to notice the graptolites, in spite of the fact 
that, on his own testimony, he was ever on the lookout for 
them in the slates of New South Wales. 

A small patch of dark blue limestone is interbedded with 
the slates at Pearman’s llill. The outcrop is not more than 
15 yards long by about 5 yards wide. The rock shows signs 
of great compression, and is crystalline; possibly this is 
due to the presence of the white gneiss a few yards away, 
that is of course, if the latter is really iutrusive. A diligent 
search failed to reveal any fossils in the limestone. 

According to David, Helms and Pittman, 2 the Ordovician 
rocks extend about 6} miles to the west of Berridale, where 
they are intruded by the Kosciusko granite. It is interest¬ 
ing to note that Mr. 0. F. Laseron lias recently 3 found 


1 Southern Goldfields, p. 1Ifi. 

• Proc. Linn, Soc. N.S.Wales, xxvi, 1901. p. 30. 

• Personal communication from Mr. Laseron. 
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graptolite-bearing beds in the neighbourhood of Oobargo, 
which lies about 44 miles from Oooraa in a direction roughly 
10° S. of E. The elates are identical in appearance with 
those of Geygedzerick Hill and Wambrook Creek. The 
following forms were determined by Mr. Laseron:— Diplo - 
yraptus foliaccus , Climacograptus , Dicellograptus (?) 
gracilis , D. afltnis. It would be interesting to trace the 
relations of these rocks to the Ordovician of Oooma and 
Berridale. The interposition of Silurian sediments to the 
east of Oooma suggests their deposition in a trough or 
synolinorium of Ordovician rocks. 

(c) Silurian. —As the Ordovician lies, roughly speaking, 
to the west of Middle Flat and the Silurian to the east, 
and as, in spite of some discordances, the prevailing dip is 
towards the east, it is natural to assume that the upward 
sequence, or the sequence of deposition, for the Silurian 
beds is from west to east. That being so, the lowest 
sediments are slates, with interbedded limestone and brown 
quartzites, passing upwards into gritty sandstones, carbon¬ 
aceous shales and quartzitic sandstones alternating with 
bands of clay-shale. The limestone, carbonaceous shales 
and gritty sandstones are fossiliferous ; the other horizons 
are barren. 

The slates vary in colour, and are extremely cleavable 
and much jointed, splitting readily into small pieces. Their 
stratigraphical position is sufficiently determined by their 
association with the other fossiliferous beds. 

The limestone runs in a general N.N.W. direction and 
forms a belt about 4 miles long. Its northern end, which 
disappears under the alluvials of Oooma Creek, has a width 
of outcrop of over 1,000 yards; this gradually decreases 
as one goes south, till at Toll Bar Bridge it is not more 
than 100 yards. The main mass disappears here, but the 
belt continues southwards as a series of small isolated 
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lenticular patches, tlie most southerly of which crosses the 
Greenhill Road a little to the west of Rock Flat Greek. 
Here there are seen to be two intermittent outcrops of two 
distinct kinds of limestone, separated by slates, and some¬ 
times 40 yards apart. The main outcrop is of light blue 
limestone, massive and fossiliferous, the other harder, of a 
deeper blue, flaggy, unfossiliferous, and much intersected 
with veins of white secondary caieite. Occasionally this 
band is broken up into smaller bands, about 4 inches wide, 
interbedded with the slates. The limestone is traversed 
by cracks or joints striking a little west of north. The dip 
appears to be easterly on the western side, and -westerly 
on the eastern, the angles in both cases being very high. 
Oaves are said to exist in the limestone, fairly extensive 
and containing stalactites. 

The main outcrop of the limestone is constantly attended 
by quartz-porphyry on both sides, which has very probably 
intruded and to some extent destroyed part of the limestone. 
A certain amount of assimilation may have taken place; a 
specimen of quartz-porphyry collected from near the junc¬ 
tion showed under the microscope numerous little patches 
of what look like epidote. -Along the eastern boundary of 
the limestone, however, the quartz-porphyry (and possibly 
the limestone too) has been converted into a kind of iron¬ 
stone, thus destroying any evidence of contact effects. 
This ironstone is indeed more or less characteristic of the 
limestone outcrop, and where the latter cannot be traced 
ironstone is often found. The occurrence is suggestive of 
a metasomatic replacement. 

There is in the limestone abundant development of 
Favosites , both the large massive and the small dendroid 
species, also Heliolites , Tryplasma , Pentamerus , and 
Stromatopora. The fossils are in general well preserved. 

Hast of the limestone there is a further development of 
slates. Between Rosebrook homestead and the Umaralla 
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River the rest of the sequence is well shown. One passes 
in succession over grits, carbonaceous shales and quartzitic 
sandstones interstratified with shales in bands up to a foot 
in thickness. These are vertical at first but towards the 
river they have a westerly dip which decreases to 56°. 

Rhynchonella in great abundance, Stropliomena , and (?) 
Tryplasma have been found in the grits and carbonaceous 
shales. The fossils are a good deal compressed, and their 
species are indeterminate. 

(d) Post-Silurian but Prk-Tertiary.—To these rather 
wide limits are referred three apparently independent 
occurrences gf igneous rocks, the quartz-porphyries, the 
Berridale granite, and the Myalla Road syenite. 

Quartz-porphyries .—This is a general term employed to 
denote a series of intrusions with many differences both 
textural and mineralogical, but evidently of common origin. 
They outcrop along roughly meridional lines, and so far 
have not been found west of a north and south line through 
Oooma, but intruded among the slates and other sedimentary 
rocks to the east and north-east of the town. Southward 
they disappear under the Tertiary basalt, to the north they 
have been traced as far as Bredbo, 20 miles from Oooma, 
where their extent is very great. They have played a 
considerable part in determining the contours of tin? 1 present 
land surface, for, as one goes east from Oooma, it is observed 
that, generally speaking, the porphyries form a series of 
parallel low ridges, while the valleys in between have been 
cut out of the softer and less resistant slates. The por¬ 
phyries are perhaps best described as irregular dyke-like 
intrusions into the slates, although the outcrops attain a 
width of about half a mile in places. Their intrusive nature 
is abundantly proved by inclusions of the intruded slate, as 
well as by the tapering terminations of the outcrops. Very 
little contact metamorphism is observable, barring a little 
local induration of the slates. 
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The rock has been subjected to pressure subsequently to 
its consolidation; this has caused a good deal of shattering 
and alteration, in some cases changing the original appear¬ 
ance almost beyond recognition. From a field examination 
of the porphyries it has been concluded that there must 
have been at least three distinct series of intrusions, possibly 
four. There is first of all the very much sheared type, 
exemplified in the Bushy Hill formation, now reduced to 
what Van Hise would call a quartz-porphyry slate, 1 quite 
schistose in structure. The cleavage pieces have a some¬ 
what greasy lustre, with dark green colour and greasy feel, 
due possibly to the development of chloritic minerals. 
Frequent eyes and lenticles of unshattered quartz, the relics 
of former phenocrysts, are scattered about the rock. 
Doubtless a certain amount of alteration is to be attributed 
to the mineralised waters which percolated through the 
porphyry at this place. Northwards right along the line 
of the Bushy Hill outcrop the porphyry is much “mylon- 
ized,” in places so much so as to be recognizable only with 
difficulty. On Bushy Hill the cleavage planes arc vertical, 
and no where has the departure from the vertical been 
found to be more than 40°. Very little in the way of ferro- 
magnesian constituents has been observed in the Bushy 
Hill porphyry. In addition to quartz, felspar occasionally 
appears as phenocrysts. 

Between “Rosebrook” homestead and the Umaralla 
River one passes over a couple of outcrops of porphyry of 
a light grey colour, with large and abundant phenocrysts 
of quartz, felspar, and a dark green chloritic-looking mica 
in small hexagonal plates. This rock is rather shattered; 
it is intruded among Silurian slates and appears to be of no 
great extent. In the size and abundance of its quartz 
crystals it much resembles some of the “mylonized” 


A Treatise on MetamorphUm, p. 779. 
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porphyry, and may possibly be the unaltered equivalent of 
this latter. In general appearance and mineral constitution 
it also bears a striking resemblance to a quartz-porphyry 
from Yass district, with which indeed it may be genetically 
connected. 

Closely associated with this Rosebrook porphyry is a 
dark blue exceedingly compact felsitic rock, with relatively 
small development of phenocrysts, which are mainly quartz. 
By weathering and bleaching this rock assumes the appear¬ 
ance of a quartzite, as at Toll Bar Bridge. Prom here to 
Rosebrook it forms a considerable part of the eastern 
boundary of the limestone; it is entirely free from shattering. 
A ridge of the same rock is to be seen near Rock Flat, 
proving for it a meridional extension of at least 16 miles. 

Another variety of porphyry, which is found to the east 
of Oooma and north as far as “Rosebrook,” is a dark rock 
with much smaller and very abundant phenocrysts of quartz 
and felspar; at first sight the rock appears to be tuffaceous 
but this is not so. It is in all cases highly and irregularly 
jointed, and very often shows a rude cleavage. On the 
appearance of the rock in the field one would pronounce it 
to be of an entirely distinct type from the Bushy Hill and 
Rosebrook porphyries, the chief differences being the smaller 
grainsize of the phenocrysts and the greater abundance of 
felspar. 

The remaining type of porphyry has evidently been 
intruded last of all, and has been subjected to very much 
less crushing than the other varieties. It is to be found 
on the Greenhill Road about two miles out from Oooma. 
Though just a little east of the line of the Bushy Hill out¬ 
crop, and west of some of the small-grained porphyry, the 
rock is here quite massive and free from shattering, proving 
its relative youth. The same porphyry also occurs farther 
to the east along the road to “Nitholme” and on the Kydra 
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Road at and past Middle Flat. Going about a quarter of a 
mile N.N.W. from “Nitholme,” one observes that this 
porphyry is intrusive into the fine-grained variety; the out¬ 
crop is very wide, about one-half to three-quarters of a 
mile in places. Generally the rock is massive, but some¬ 
times it is a bit shattered at the periphery of the mass. 
Its intrusive character is shown near Rosebrook, where 
an isolated outcrop of it forms a conical bill sharply differ¬ 
entiated from the other porphyries and from the slates. 

This porphyry is a very handsome rock, abundantly por- 
phyritic in quartz and felspar, usually also with hornblende 
in varying amount. Quartz-porphyry was found in which 
practically all the base had been replaced by oxide of iron, 
leaving intact only the porphyritic quartz and felspars, 
and again in another place kaolinization had occurred, 
resulting in a soft white rock studded with quartz grains. 

Berridale granite .—Only a very small portion of the 
whole area of this was examined, and then not in great 
detail. It was only studied where it touched on the main 
area investigated. 

As one goes from Oooma to Berridale the granite is first 
met about miles out. Great rounded monoliths of it 
strew the plain, and it can be seen stretching for a con¬ 
siderable distance on either side of the road most of the 
way into Berridale, the outcrop being occasionally con¬ 
cealed under small residual patches of basalt. On the 
Cooma side, the junction of the granite with the intruded 
Ordovician slates and quartzites has been to some extent 
eroded, and is masked by alluvial. 

The granite was also met with along the Adaminaby 
road at a point 14 miles from Oooma, but a journey of 20 
miles south on the Bobundarah road failed to reveal any 
signs of it, so evidently the boundary of the outcrop takes 
a sweep to the south somewhere between the Berridale and 
Bobundarah roads. 
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The rock is a typical biotite granite and it exhibits con* 
siderable variation both in grain and in the proportions of 
ferro-magnesian minerals present. This variation is of the 
usual type, that is with decreasing basicity and coarser 
grain inwards from the margin of the intrusion; this is well 
exhibited as one proceeds from the margin of the mass 
towards Berridale. A slight but distinct gneissic foliation, 
apparently primary, was noticed at one place, but the 
extent of this phenomenon was not traced. Basic segre¬ 
gations are fairly numerous, and a number of aplitic dykes 
intersect the granite; some of these were entirely of the 
ordinary granular type, while others exhibited occasional 
graphic fabric, and others again had miarolitic cavities 
filled with tourmaline. 

On Arable Station just on the north-eastern border of 
the granite occurs a dyke of a dark grey porphyritic rock, 
without megascopic quartz, and of rather indefinite mega¬ 
scopic characters. In thin section the rock is seen to be 
of lamprophyric type. 

At every place where the edge of the granite was 
encountered a selvage of quartzite of varying width was 
found, while large quartz dykes were, as might be expected, 
very common. The quartzite border was noticed on the 
Adaminaby Road, on the Berridale Road and south of it, 
on Arable Station, and at Geygedzerick Hill. Contact 
effects were not specially looked for, but this constant 
occurrence along the irregular granite border suggests 
that the quartzite represents a complete replacement of 
the original sedimentary rocks by silica from the granitic 
magma for some distance from the actual contact. Another 
contact phenomenon has been already alluded to, namely, 
the production of chiastolite in the intruded slates. 

Myalla Road syenite .—Five miles along the Myalla road 
south from Oooma, there is an isolated outcrop of syenite 
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of boss-like appearance. Tlie mass is over two miles long, 
with a maximum width of a little under two miles; it is 
surrounded on all sides by schists and olivine basalt, and is 
7 miles away from the nearest outcrop of Berridaie granite. 
The syenite is in general massive, and weathers into great 
rounded tors like granite, which undergo a kind of spheroidal 
exfoliation. Jointing is developed at times: one reading on 
a joint plane gave its dip as 65“ in a direction E. 10° IS. 
Megascopicully the rock would be called a syenite, as it is 
seen to consist of felspar (orthoclase) and hornblende, but a 
microscopic examination would place it rather among the 
quartz-monzouites. Towards the eastern periphery of the 
mass there is a considerable development of a porphyritic 
facies, which might be called a syenite-porphyry. Irregular 
basic patches without any delluite sharp boundaries are 
also frequent. 

The plutonic rock is intersected by dykes of felspar- 
porphyry or bostonite, with only very small traces of ferro- 
magnesian constituents, and many apophyses radiate into 
the surrounding country. One of these forms a conspicuous 
feature among the schists along the Myalla road, and can 
be traced for about 6 miles, ultimately coming to an end 
in a railway cutting a mile north of Oooma. The texture 
of this dyke-rock changes as we get away from the parent 
plutonic mass. The felspar phenocrysts may be upwards 
of half an inch in length and very numerous, the base being 
fine-grained but evidently holocrystalline. Farther away 
the base gets exceedingly fine-grained and phenocrysts are 
very much fewer and smaller, the rock giving the impress¬ 
ion of a trachytic lava rather than of a hypabyssal rock, 
while the subordinate ferro-magnesian constituents have 
completely disappeared. These variations are evidently 
functions of the distance from the parent magma, the con¬ 
ditions of consolidation, and especially of heat, as we get 
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away from the syenite, gradually becoming less and less 
platonic in character. The actual contact of the syenite 
with the older rocks is covered over by basalt or alluvium, 
so it was not possible to obtain any information as to the 
nature and amount of the contact metamorphism or the 
form of the intrusion. 

Geological age of the igneous intrusions .—There are no 
means of determining with exactitude the geological age 
of ail these intrusions, nor indeed is there any direct evid¬ 
ence to show that they are genetically connected, or even 
contemporaneous with each other. It will be observed on 
referring to the map that the syenite is a long way away, 
and quite isolated from the granite, and that the porphyries 
are far removed from both. 

With regard to these porphyries, if they all belong to the 
same series they must be Post-Silurian, but if not, then 
some may be as old as the Ordovician. Very much 
mylonized porphyries, hardly recognizable as such, occur 
in among the Ordovician slates at and north of Bunyan, 
and it is possible that here they represent contemporaneous 
submarine sheets interbedded with, and subsequently tilted 
and compressed along with, the original sediments. On 
the other hand, others of the porphyries have all the appear¬ 
ance of intrusions, fragments of the intruded slates being 
included, and slight alteration of the surrounding rocks 
being produced. The form of the outcrop too, in many 
cases, suggests a tapering sheet or sill. The intruded 
formations in these cases embracing Silurian beds, the 
porphyry must be of later age. Some of the quartz-porphyry, 
since it is relatively unshattered, must have been injected 
after the folding and compression had practically ceased. 

The granite and the syenite are both clearly later than 
Silurian, as they have been subjected to strain only to a 
slight extent. The granite along its marginal portions and 
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the syenite throughout its observed extent are free from 
gneissic structures, indicating that their crystallization 
took place during a period of comparative crustal stability. 
Since the Carboniferous appears to have been a time of 
intrusive igneous activity in central and southern New 
South Wales, it seems not unreasonable to assign these 
igneous rocks tentatively to that period. 

(e) Tertiary and Recent. 

Olivine Basalt .—-The latest evidences of igneous action 
about Cooma are to be found in the extensive Hows of 
basalt which cover a considerable area of the surface of 
the country, and must have had a very much greater 
extent before erosion and denudation reduced the capp¬ 
ing to its present dimensions. Besides the large sheets, 
isolated residual patches of basalt, forming the charac¬ 
teristic table-topped hills, are to be found overlying the 
Berridale granite, the schists, and the slates and other 
Palceozoic rocks. Of the highest basalt residuals—the 
throe hills known as The Brothers, about eleven miles 
south of Cooma—the Middle Brother is 100 feet higher 
than the next highest Trig. Station in the district, and 
about 700 feet above the general level of the country, but 
these figures of course do not necessarily indicate the depth 
to which the whole country was originally covered with 
basalt. The basalt has a much greater extent to the south 
and S.E. of Cooma than to the north; it may be seen 
practically all the way along the road from Cooma to 
Nimitybelle and as far as Bombala. There is evidence of 
a number of successive flows, in the shape of terraced hills, 
sometimes as many as four terraces being distinguishable. 
Again occasionally one finds a flow of fresh basalt on top 
of an older and much decomposed flow. 

On the summit of tho North Brother, and also, 1 under¬ 
stand on the Middle and the South Brother, the basalt is 
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prismatically jointed over a space of two or three acres. 
The columns are remarkably regular, mainly hexagonal in 
section and up to 18 inches in diameter, and no columns 
were observed more than 4 feet long. In texture the rock 
is exceedingly fine, and olivine occurs in nodules or segre¬ 
gations, in much greater proportion than in the normal 
basalt. In places there has been a tendency to subsidiary 
jointing, producing a kind of pisolitic effect on the weathered 
surface. Only the summit of the North Brother is com¬ 
posed of this very compact basalt; below it the hill is 
terraced and the basalt is of the ordinary fine-grained 
type. 

A noteworthy example of variation in the texture may 
be observed west of the Myalla Road 4 miles south of 
Oooma. Here there is a flat-topped terraced ridge, the 
topmost terrace being of coarse-grained basalt, doleritic in 
aspect and microscopically seen to have ophitic fabric. The 
basalt of the terrace immediately underneath is much finer 
in grain and of granulitic fabric. Two possible explanations 
suggest thcmsel ves. What we now see as the upper terrace 
may really represent the bottom part of a thick flow, whose 
top has been denuded; the bottom part would have cooled 
comparatively slowly and so have become somewhat 
coarsely crystalline. Or else the coarse-grained rock might 
have been intruded as a kind of dolerite sill between two 
pre-existing flows, one of which is now denuded away. 

To the N.W. and east of Oooma the basalt has in some 
instances filled old pro-Tertiary valleys; for example, the 
road from Oooma to Murrumbucca via Mittagang Bridge 
runs mostly along such a valley for 11 miles, and the former 
course of the Upper Murrumbidgee from McCarty’s Cross¬ 
ing to the junction of the Dalgety and Berridale Roads is 
now marked by flows of basalt. No tuffs have been any¬ 
where found associated with any of the flows. 
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The age of the basalts, and the possibility of their extru¬ 
sion having continued into recent geological times, will be 
discussed later in connection with the physiography. 

Diatomaccous earth .—There is a deposit of diatomaceous 
earth or tripolite about 1^ miles E.S.E. of JJunyan Railway 
Station (See Fig. 2). The deposit is referred to in Pitt¬ 
man’s “Mineral Resources of N. S. Wales,” p. 429, also in 
the Records of the Geological Survey of N. S. Wales, 1897, 

p. 128. 

From test-holes which have been put down, the deposit 
is believed to cover an area of 30 acres. It is situated in 
a hollow on the western side of Middle Flat, surrounded 
on the north and west by a ridge of slates and mylonized 
quartz-porphyry capped by Tertiary basalt. The deposit 
is close to the surface, being covered by 18 inches to 2 feet 
of alluvium, chiefly basaltic soil. Under this is about 2 
feet of very hard buff-coloured “ mullock,” a kind of traver¬ 
tine containing numerous angular fragments of quartz and 
of diatomaceous earth. This is succeeded by another 2 
feet of massive tripolite of a pale creamy-white colour, 
then comes 3 feet of layered tripolite—“slate,” as it is 
called—which is slightly denser than the other and shows 
stratification. Under this the deposit is alternately massive 
and stratified. At intervals, pipes of roughly elliptical 
section occur, filled with a hard, brittle brown clay, in 
which remains of bones, etc., are often found. Veins of 
wood opal are fairly frequent, yellow, red, and green in 
colour, and very light and brittle. The deposit is being 
worked, but not iu systematic fashion, digging operations 
not being carried on to a greater dopth than 10 or 12 feet. 

Travertine .—At Rock Flat, 9 miles 8.E. of Oooma, on 
the right bank of the creek, are situated the well-known 
Rock Flat mineral springs, 1 where carbonated waters rise 

1 For an account of these see Rec. Geol. Surv., N.S.W., 1889, p. 179. 



206 


W. R. BROWNE. 


from a depth and flow to the surface. Although at present 
only one spring—a chalybeate one—is actually flowing, it 
is only of recent years that the spring which is the source 
of the present supplies has ceased to flow, and there is 
evidence that in the past quite a number of springs were 
active. A considerable amount of travertine has been 
deposited from these springs, and is still being formed. 
So far the deposit has a maximum depth of 12 feet, and is 
said to cover an area of 5 acres. Except at one point 
where the creek takes a sharp bend to the east, the traver¬ 
tine is wholly on the east or right bank of the stream. The 
Hock Flat Springs are at the base of a great quartzitic 
outcrop, from which the place takes its name. The out¬ 
crop consists of sandstone on edge, intersected with quartz 
veins, and which merges into quartzites towards the 
west, and ultimately into a kind of quartz breccia, the 
cemeuting material being also quartz. The dip of the 
quartzite is about W. 10° S. at 40°. 

Travertine is found sparingly developed in other parts of 
the region; it has been noted along the Bobundarah Road 
near the North Brother, also just south of Bunyan along 
the Sydney Road. It occurs on top of the old metamorphic 
rocks, and is generally covered by alluvium. Probably it 
is post-Tertiary in age. 

A curious occurrence was found in Butler’s Greek, a bit 
north of Mittagang Bridge. Here the creek, when running, 
tumbles over a rock-bar about 12 feet high, and down the 
face of this there is a kind of stalactitic deposit of traver¬ 
tine, evidently formed when only a trickle of water was 
running, and due to evaporation as the water flowed over 
the heated rock in summer. 

River gravels .—Perhaps the most extensive development 
of these is along the Numeralla Road to the west of the 
Toll Bar Bridge over Rock Flat Greek. The gravels com- 
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mcnce three-quarters of a mile from the creek, and form a 
very striking feature of the topography, extending half a 
mile to the south and much farther to the north. They are 
composed principally of boulders and pebbles of brown 
quartzite and white quartz. The quartzites are up to 18 
inches in length, and there are occasional boulders of nearly 
three feet in diameter. They all show a good deal of round¬ 
ing and smoothing and occasionally of polish. Low mounds 
of gravel and other alluvium are to be seen in the vicinity, 
and similar accumulations may be observed in the broad 
Hat valley north of the limestone belt. There is little 
doubt that these gravels belong to Rock Flat ('reek or an 
aucestor of it; their presence at a distance of three-quarters 
of a mile west from the present bed of the creek, and at 
least 100 feet higher, would indicate a good deal of migra¬ 
tion and erosion on the part of the crock since their depo¬ 
sition. It is rather puzzling to And these gravels, and 
especially the boulders of three-foot diameter, on the highest 
point of the ridge separating Middle Flat from Hock Flat 
Greek. I was at first inclined to ascribe their presence to 
ice-transport, but doubtless they aro fluviatile deposits. 

Three well-formed crescent-shaped alluvial terraces 
mark the point near Pearman’s Hill where with a sharp 
S-bend the Murrumbidgee emerges from the Berridale fault- 
block. The highest is at 130 feet, and the others at 50 and 
25 feet respectively, above the present level of the stream. 
These terraces are of gravel principally, but the middle one 
is mostly mud. 

Molian deposits .—A noticeable feature of the Sydney 
road between Oooma and Bredbo is the great extent of 
country partially or wholly covered with drifting sand. 
Shortly after the road crosses Umaralla River, this sandy 
country begins, and it continues to within 5 or 6 miles of 
Bredbo. This mantle of sand gives the region a barren and 
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desolate appearance. It is due to the disintegration of 
quartz-porphyry, of which there is a very extensive 
development along the road to Bredbo. The shifting of 
the sand by the action of the wind has the effect of drifting 
up the road in many places, of burying fences, and of 
destroying vegetation. 

Quartzitic conglomerate .—At various points in the 
Gooma district one comes across outcrops and boulders of 
a silicifled quartz-conglomerate, apparently forming a sup* 
face capping to the slate, etc. Just north of the Myalla 
Road syenite masses of this conglomerate are seen, and 
here too we get a dense bluish-grey quartzite, evidently 
connected with the conglomerate. No evidence could be 
found as to the age of these occurrences, or their relations 
with other formations: they are probably the result of 
deposition from silica-bearing solutions, but whether these 
were connected with the late igneous intrusions, or are of 
much more recent date it is impossible to say. 

III. Economio Geology. 

Bushy Hill .—The Bushy Hill gold mining field is dealt 
with in the Annual Report of the N. S. Wales Department 
of Mines for 1898. A number of references are made to it 
there, including the report of the Chief Inspector of Mines, 
with petrological appendix by Mr. G. W. Card. 

The occurrence of gold at Bushy Hill was noted about 
16 years ago, and a certain amount of mining work was 
done, but, though some good results were obtained, for 
various reasons work was abandoned almost completely. 
Gold, copper and lead ores have been obtained. In the old 
days only the gold was sought after, some good values being 
obtained from the surface free gold. Telluride yielding 
high percentages was found, but not in great quantity. The 
copper occurs as auriferous pyrites, apparently in consider¬ 
able quantity in places. At present copper is being 
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extracted from the water in some of the old shafts by the 
simple method of throwing in scrap-iron, which is in time 
replaced by metallic copper. Galena is said to have been 
found on the hill. 

Bushy Hill, which is really a long ridge, is composed 
mainly of a mylonized quartz-porphyry which forms the 
couutry rock, and the minerals occur mostly disseminated 
through it. The porphyry contains numerous “eyes” of 
quartz, while less frequently felspar occurs as phenocrysts. 
Slates also form part of the country rock. The cleavage 
planes of quartz-porphyry and slates are vertical. On the 
Oooma side there is quartz-porphyry which appears to be 
of a later date than the other: it is free from crushing, 
has smaller phenocrysts, and has a siliceous-looking base, 
resembling to some extent the silicilled porphyry at Toll- 
Bar Bridge. North of Bushy llill a long sinuous outcrop 
of quartzite, running in general N. 20 Q E. extends to near 
the Numeralia Road. 

Between Bushy Hill and Middle Flat is a long reef, 
forming a conspicuous ridge about half a mile long, and 
composed of what appears to be a kind of quartzite, 
seamed with quartz veins. This reef has been found to be 
barren. 

Tripolite .—Reference has already been made to the 
deposit near Bunyan. This is being worked by a company 
which employs one man in digging the tripolite, drying and 
bagging it, and despatching it to Melbourne, for what 
ultimate purpose I have been unable to ascertain. 

Lime .—At Toll Bar Bridge there is a kiln where the 
limestone is being burnt on a small scale. There is appar¬ 
ently only a local sale for the lime, but there seems no 
adequate reason why a bigger industry should not be built up. 

Barytes .—Abont 200 yards east of the N.E. corner of 
Portion 300, Parish of Oooma, and just outside the eastern 



210 


W. R. BROWNE. 


municipal boundary, there is a vein of barytes in shattered 
quartz-porphyry. The vein has a maximum width of 14 
inches at the surface, but I understand it widens consider¬ 
ably as it is traced downwards. The dip is at 50° in a 
direction E. W N., which is more or less in conformity 
with the cleavage of the quartz-porphyry. The outcrop 
was traced by me for a distance of about 30 yards. A little 
excavating has been done and some of the barytes removed, 
but the work has not advanced beyond the prospecting stage. 

IV. Age of the Metamorphic Series. 

The stratigraphical position of the crystalline complex 
consisting of the schists, phyllites and quartzites, intruded 
by the mottled, Gooma, and blue gneisses, is a matter which 
has exercised me very much without any definite conclusion 
being reached. At the present stage of the work it is 
perhaps a trifle premature to discuss the matter fully. In 
the first place it is only in the area round about Oooma 
that the field relations have as yet been studied, whereas 
there is reason to believe that this crystalline series extends 
considerably farther north than Pearman’s llill, the 
northerly limit of my investigations up to date; an examin¬ 
ation of this northerly extension may perhaps result in the 
discovery of some conclusive evidence. Secondly, field 
evidence may quite possibly be supplemented by laboratory 
investigation, and this latter is by no means complete. 
However, I have thought it good to make some mention 
here of this most important question. 

The principal difficulty, aud it is a great one, which con¬ 
fronts anyone attempting to delimit the various formations 
around Oooma lies in the fact that no stratigraphical breaks 
are to be found, the whole of the old Palaeozoic rocks being 
so intensely folded as to obliterate all traces of original 
unconformities, if such existed. The prevailing dip of 
planes of schistosity and cleavage is easterly, but many 
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reversals are found. High dip-angles are the rule, and the 
cleavage planes are often vertical. Possibly the present 
state of affairs results from the erosion of a series of 
isoclinal folds. On the slopes of ridges one occasionally 
found discordances of dip—beds on one side dipping towards 
those on the other side, apparently indicating a fold-trough, 
but in some instances this was clearly seen to be merely a 
surface phenomenon, the beds, originally vertical or nearly 
so, inclining over towards the downhill side of the ridge 
under the inlluence of gravity. 1 Nothing hut extremely 
detailed mapping of individual horizons could determine 
the nature of the folding. 

With regard to tho metamorphic series, the gneisses are 
quite definitely intrusive into the schists,and the question of 
age therefore centres round these schists and the phyllites. 
A number of traverses were made across the strike, both 
to the east and west of the axis of the complex, and in no 
case could an abrupt transition in the rock-type he found. 
Starting from Kiaora homestead, on crystalline schists, as 
one goes west the rocks become more micaceous and phyl- 
litic in appearance: there is a considerable belt of these 
rocks, about t \ miles wide, which 1 have named the Slack’s 
Greek phyllites from their typical development and the 
good sections shewn there. Near the Dry Plain road and 
beyond it to the west, the phyllites have graded into micace¬ 
ous elates which are in tho same line of strike with the 
elates in which graptolites occur at McCarty’s Crossing, 
about a mile to the north. 

On the eastern side there is the same gradual passage 
from schist through phyllite iuto micaceous slate, hut here 
the transition belt is not so broad, practically no knotted 
phyllite is developed, and there is the intrusion of white 
gneiss which interrupts the succession of the beds. 

1 Mr. E. C. Andrews informs me that he too has found this 'false dip/ 
as it may be called, troublesome in the field. 
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Again, as further evidence, as has been stated above, at 
Bunyan the Ordovician slates are silicifled for some distance 
out from their contact with the white gneiss. Now this 
white gneiss is closely associated with the blue gneiss, and 
this would go to show that the gneiss is later than these 
slates. 

It has been urged that strike faulting could have thrown 
down the Ordovician slates against the Pre-Oambrian 
schists, but in this case the problem of the transitional 
phyllites becomes insistent of solution. Of course it may 
be argued that, as no definite junction between Silurian 
and Ordovician can bo found, any original unconformity 
between Ordovician and older formations would likewise 
be obliterated. But on the other hand the Ordovician 
and Silurian can be separated on fossil evidence, whereas 
there is nothing but gradual change of lithological char¬ 
acters to differentiate the schists from the slates. 

So far as I can interpret it, the evidence available would 
point to the fact that we are dealing with an area which 
has been affected by both regional and contact metamor¬ 
phism. The gneisses have been intruded successively and 
crystallized under conditions of great pressure; the Hchists 
would then be caused by contact metamorphism of the 
slates in the vicinity of the gneissic intrusions, the intensity 
of the metamorphism gradually diminishing outwards. It 
is plain that there is a much greater extent of gneiss than 
indicated by the outcrops, and in such case the underground 
extension would go to the west principally. The suggested 
broad relations between the metamorphic rocks and the 
other formations of the area are shown in Pig. 1. 

I am quite aware that the hypothesis here advanced 
raises serious difficulties, but at the same time it is to be 
understood that the evidence so far gathered is by no means 
regarded as conclusive; nothing at all final can as yet be 
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stated about the question, and of course it is very doubtful 
whether the matter will even be settled by future inves¬ 
tigation. 

V. Geological History up to Tertiary Times. 

We can to some extent trace the sequence of the events 
which have formed the geological history of the region. In 
Ordovician times the whole extent of the country was a 
great sea, in which sandy and muddy sediments were 
deposited to a considerable thickness: later, in Silurian 
times, marine conditions still obtained over part of the 
area at any rate, with deposition of limestones, shales, 
sandstones and grits. These last would appear to mark a 
change to shallower water conditions, possibly indicating 
a positive movement of the earth’s crust. Uplift of the 
area followed, with great earth movements and intense 
folding along a nearly meridional axis. What was in Silurian 
times a sea now became dry land, and has not since been 
submerged. 

Subsequently to this uplift, during Devonian or Car¬ 
boniferous times, intrusions of porphyry, granite and syenite 
took place. Very extensive denudation and base-levelling 
must have occurred, and was probably repeated as a result 
of successive uplifts, so that before the outpouring of the 
Tertiary lavas the physiography of the country had reached 
a state of considerable maturity. The granite and syenite 
had been laid bare by erosion, and the ancient corrugations 
of the Ordovician and Silurian rocks had been smoothed 
out by denudation. 

VI. Physiography. 

The geological history from the Tertiary till now is really 
the history of the present topography, and is best to be 
•learnt by considering and studying the surface of the 
country as it now exists. 
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It is to be observed that two strikingly different types 
of topography are presented within the area described. If 
two lines’be drawn, one north and south through Oooma, 
and the other westwards from a point a few miles south 
of Cooma, the areas exhibiting these two types are roughly 
divided off from one another (Fig. 2). To the N.M. we have 
rugged country, intersected by deep V-shaped valleys, but 
with some remnants of mature physiography still visible, 
as for example Dairyman’s Plaiu, the valley of Pilot Greek, 
and the upper part of Slack’s Creek. In other words, we 
have an area of mature topography with youthful features 
superimposed. This country is mainly schists and gneisses. 

The remainder of the area is generally speaking in strong 
contrast: it is of a gently undulating nature, characterized 
by wide shallow valleys running north and south, and bear¬ 
ing all the marks of old age. These valleys are eroded out 
of the comparatively soft slates, the separating ridges 
being largely of the more resistant quartz-porphyries. 

The surface of the country is diversified by a number of 
elevations above the general level; such are the Blue Peak, 
Mount Gladstone, The Brothers (North, Middle and South), 
Ooolringdon Hill, etc. A number of small lakes are scattered 
about, mostly in a belt extending for about four miles north 
of the Great Divide. 

The drainage of the country is effected by the river 
Murrumbidgee and its tributaries. The Murrumbidgee, in 
the earlier part of its course, as seen in this region follows 
an approximately E.S.E. direction; it then turns sharply 
to the east, and flows in this way as far as Mittagang 
Bridge, when it turns once more, this time sharply north¬ 
ward, or a little east of north. Before the eastward turn 
the river occupies a middle-aged valley, but from this on 
it pursues a tortuous course in a youthful valley, between 
high steep banks of phyllite and schist, which in parts 



GEOLOGY Of THE COOMA DISTRICT, N.S.W. 


215 


descend sheer into the water on both sides. The stream 
continues in this youug valley through schists and gneisses 
to a point about 9 miles N.N.B. of Oooma, where with a 
sharp S-bend it debouches from between its high containing 
walls into open country, after which it continues north¬ 
ward, flowing at the base of a steep escarpment which 
forms its western bank. 

During the eastward part of its course the river receives 
no tributaries from the north, but on the south bank it 
receives Bridle (Jreek (with its tributaries Wambrook and 
Peak Creeks), Slack’s Creek, Spring Creek and Snake Gully. 
These are all characterized, especially near their junctions 
with the river, by relatively steep grade and by V-shaped 
valleys. Slack’s Creek near its source flows in a broad 
shallow valley, of which mention will be made later, while 
Spring Creek rises at the northern extremity of Dairyman’s 
Plain, a shallow valley up to three-quarters of a mile wide. 
After the river turns north it receives a couple of small 
youthful creeks, Butler’s Creek and another one, unnamed, 
on its right bank; on the left the only tributary of importance 
is Pilot Creek, which flows S.E. for 4 miles close up against 
the eastern side of a mature valley to within a mile of the 
river, when it plunges into a narrow gorge, joining the 
Murrumbidgee three-quarters of a mile north of Mittagang 
Bridge. Pilot Creek forms with the Murrumbidgee a boat¬ 
hook bend, 1 the flow of the river being directed northward, 
while that of its tributary is towards the south. 

The drainage of the country is mainly to the north. 
Cooma Creek and Oooma Back Creek pursue a more or less 
parallel course through open country in fairly wide valleys 
to within 5 miles of Oooma, when they begin to converge, 
uniting in the town to enter a deep valley cut through the 
Oooma gneiss and schists. Oooma Creek emerges from 


1 Griffith Taylor, op. cit. sup., p. 8. 
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this valley 4 miles along the Mittagang road and flows 
N.N.E. across a level plain to join Rock Flat Greek. Con¬ 
siderable alluvium marks the confluence of the two streams. 

Rock Flat Creek has cut for itself a fairly wide valley. 
It shows evidence of having shifted its bed somewhat to 
the east in recent times. From about the 6-mile peg on 
the Kydra Road, as one looks north there can be seen a 
long ridge of quartz-porphyry forming the left bank of the 
valley evidently carved out by the creek in the past. The 
present course of the stream however is upwards of half a 
mile to the east of this ridge. Again, the gravels along 
Numeralla Road to which reference has already been made 
give evidence of easterly movement. Rock Flat Creek 
joins the Umaralla River 4 miles nearly due east of the 
S-bend in the Murrumbidgee. 

The history of the present topography has been referred 
to by Griffith Taylor, 1 and discussed in greater detail by 
Siissmiich. 3 Briefly, the region forms part of what was in 
late Tertiary times a peneplain area—the Monaro pene¬ 
plain—the occasional isolated elevations being residuals of 
a former peneplain—the Mount Ainslie peneplain. This 
Monaro peneplain has undergone differential uplift, the 
area in the N.W. which has been roughly indicated above 
forming part of the Berridale fault-block, with probably 
a slight tilt down towards the south, and bounded on the 
east by a steep escarpment—the Murrumbidgee fault-scarp, 
indicated in Fig. 2. This escarpment crosses the Murrum¬ 
bidgee near Pearmau’s Hill, and continues south, gradually 
merging, as it nears Oooma, into the general level of the 
country. To the east of the fault-scarp the country has 
been less elevated, and farther north this relatively 
depressed area is rather narrow, forming the Colinton 
senkungsfeld. It broadens considerably towards the south 


1 Loc. cit. sup* 


* Loc. cit. sup. 
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and eventually merges into the Berridale fault-block to the 
south and S.W. of Cooma. This Oolinton boiikungsfeld is 
tilted towards the north. 

It was probably the same series of earth movements as 
caused the faulting and differential elevation which also 
shifted the divide and altered the drainage system of the 
region. The present divide, which runs roughly E. 30° S. 
at a distance of about 9 miles from Cooma, is very low, 
and is the result of recent slight tilting of the whole 
country towards the N.E. The old divide is placed by 
Siissmilch between Bredbo and Oolinton, and by Taylor at 
Tharwa, 25 miles farther north. Both authors are, how¬ 
ever, agreed that the Upper Murrumbidgee used to form 
part of the Snowy River system, and that for the part of 
the river between Mittagang Bridge and the old divide 
there has been a reversal of flow, or in other words that 
this part also of the river used to belong to the Snowy 
system, and is now really an obsequent stream. 

The above is in the main an abstract of Siissinilcli’s views 
as outlined in his extremely interesting and suggestive 
paper, and there can be little doubt as to their general 
accuracy. 

It might be urged that the so-called Berridale fault-block 
is due to differential erosion. It is certainly remarkable 
that to the west of the scarp the rocks are schist and 
gneiss, while to the east the country is composed mainly 
of less resistant slates, etc., so that one might expect a 
greater degree of erosion to the east than to the west. 
And again the Berridale fault-block merges to the south 
into the general level of the Oolinton scnkungsfeld just 
about where the gneiss-injected crystalline schists cease. 

But on the other iiand we have evidence of recent uplift 
and dissection of the fault-block in the presence of the 
youthful Murrumbidgee valley, which is in places a veritable 
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gorge (see Plate IV, fig. 4), and in the fact that we find 
youthful streams flowing in old valleys, as in the case of 
Pilot Greek. There is no stratigraphical evidence of the 
fault, but the fact that we do get the same schists and 
gneisses on the low ground to the west of the scarp as 
occur on the higher ground to the east, would go to show 
that the scarp is due to something else than differential 
erosion. 

On the basis of Siissmilch’s conclusions I have tried to 
work out in some little detail the physiographic history of 
the area with which I am concerned. 

The ancient valley of the Upper Murrumbidgeo, from the 
point where near McCarty’s Grossing it now turns abruptly 
east, can be traced south till it joins the broad old valley 
of Slack’s Greek. The ancient course of the river is now 
blocked by thick basalt flows, and bounded by ridges of 
phyllite and quartzite, and its contours are in marked con¬ 
trast to those of the present Upper Murrumbidgee. The 
latter has been rejuvenated in consequence of the uplift, 
and has cut down a comparatively recent gorge through its 
former mature bed. The old valley forms the diagonal of 
a quadrilateral formed by Bridle Greek and Slack’s Greek 
on the west and east, and the Murrumbidgee and the 
Adaminaby road on the north and south respectively. The 
old river joined Slack’s Creek or its south-flowing ancestor 
just south of the Adaminaby road, and thereafter flowed 
to the S.W., crossing the site of the present divide just a 
little to the west of the Dalgety road. The valley now 
known as Dairyman’s Plain was probably a tributary. 

With regard to the other part of the Murrumbidgee, north 
of Mittagang, there is less certainty* At the time of the 
uplift the country was in a state of very mature erosion; 
the dividing ridges between the broad meridional valleys 
had been considerably worn down and there was doubtless 
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much anastomosing in the river system. The probable 
main features of the drainage are indicated in the map (fig. 
2). The mature valley now occupied by Pilot Greek marks 
the course of a stream which flowed across the line of the 
present river at Mittagang, and S.E. along the dry valley 
in which is the present Mittagang road, thence south of 
Tillabudgery Trig. Station, across the racecourse, along the 
valley just west of Bushy Hill, and then probably into the 
valley of the present Cooma Greek. This old Pilot Greek 
valley is marked by the remnants of a basalt flow through¬ 
out its entire length. To this valley there is a tributary 
dry valley starting at a point about three-quarters of a 
mile east of Mittagang Bridge, and running a little east of 
north parallel to the present Murrumbidgee to within a short 
distance of the S-bend in that river. This valley is cut 
pretty deeply into the schists and gneisses, but is fairly 
mature: it is now tapped and drained into the Murrum¬ 
bidgee by Butler’s Greek and another small creek further 
north. 

It is extremely unlikely that the old Murrumbidgee 
should have flowed south through the Berridale fault-block 
along its present very youthful channel. More probably it 
originally flowed S.E. in the present channel of the Umar- 
alla for some distance, then south along the valley of the 
present Rock Flat Greek, and so on to join the Snowy 
River. 1 When the tilting and other earth-movements 
occurred the direction of flow was reversed and the now 
north-flowing Murrumbidgee began to head back towards 
the south. At the S-bend for some reason or another it 
commenced to cut into the fault escarpment, and a new 
stream was formed which cut across Pilot Greek, captured 
its head-waters, and converted the southern portion of its 
bed into a dry valley. 

1 An alternative suggestion is that the river flowed through tho dry 
valley between the S-bend and Mittagang, and down southwards through 
the Mittagang road valley (see Fig. 2). 
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How the east-flowing part of the river came into being 
is undoubtedly puzzling. The presence of conspicuous 
jointing in a direction nearly east and west, already noted, 
may indicate an east and west fault or buckle along the line 
of the river. At all events there is a downward slope from 
the divide to the river. 

It is a noteworthy fact that while some of the valleys, 
as for example those of Pilot Creek and of the old Murrum- 
bidgee south of McCarty’s Crossing, are marked by flows 
of basalt, others such as Dairyman’s Plain and the valley 
between Mittagang and the S-bend are quite free from 
basalt. It may be that certain of the valleys were more 
conveniently placed than others with regard to the centres 
of eruption, for flooding with lava. 

From the depth to which the relatively mature valleys 
such as that of Pilot Creek have been eroded in the Berri- 
dale fault-block, and the fact that this valley when it 
emerges along the Mittagang road from the fault-block 
suffers no change of level, and from consideration of the 
fact that the valley between Mittagang Bridge and the S- 
bend is at its northern end on about the same level as the 
topmost alluvial terrace at the bend, one is inclined to 
believe that the fault-block rose very gradually, the erosion 
of the southward-flowing stream keeping pace with the 
elevation, until the formation of the new divide tilted the 
country down somewhat towards the north and caused the 
formation of the present Murrumbidgee gorge through the 
fault-block. It is probable that the upheaval which caused 
the present divide gave the country a bit of a tilt to the 
north-east. 

Age of the basalts .—A very interesting question is raised 
by the foregoing discussion, with reference to the exact 
period of outpouring of the basalts. Such basaltic eleva¬ 
tions as Tillabudgery and The Brothers probably antedated 
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the present Monaro peneplain. It was thought that they 
might have been centres of eruption, but no evidence has 
been found to confirm such a view. Now if these are really 
residuals, it follows that the extrusion of basalt which 
formed them must have occurred prior to the evolution of 
the present topography. 

Again the Mumunbidgee near the mouth of Bridle Greek 
is seen to flow between banks which are of slate capped by 
basalt, as if an old valley had existed which had been filled 
with lava, and the rejuvenated river had cut through this 
and down considerably below the level of the former 
stream-bed. 

On the other hand the basalt existing in the Mittagang 
road valley and that of Pilot Creek must have been extruded 
subsequent to the formation of these valleys, that is to say, 
subsequent to the uplift of the Berridale fault-block. In 
addition to this, the basalt hills are often terraced, denoting 
a succession of flows, and in various places one finds a flow 
of perfectly fresh and recent-looking basalt on top of an 
earlier and much decomposed one. 

While therefore there has be^n no definite field evidence 
made available, it seems at least possible from the above 
considerations that the extrusions of lava, which were 
doubtless connected with the earth-movements, were pro¬ 
longed over a considerable period or may belong to two 
widely separated epochs; they may even have lasted into 
recent geological times. Petrological work on the basalts 
may do something towards the elucidation of this question, 
and further field-work may also help to settle the matter. 

No decisive evidence as to foci of eruption was discovered. 
It is thought that oue focus may have been the head of 
Pilot Greek, where the valley is abruptly terminated by 
the scarp of a basaltic platform raised to a height of about 
250 feet above the level of the valley. Of course the out- 
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pourings may have been in the nature of fissure-eruptions, 
and the absence of tuffs renders this highly probable. 

Lakes .—Mr. Siissmilch 1 ascribes the numerous small 
lakes which indent the surface of the country to warping 
of the earth’s crust as a result of the movements of eleva¬ 
tion. They seem to be most naturally associated with the 
formation of the present main divide, as they occur mostly 
in a belt about 4 miles wide lying along and to the north 
of the divide. In the case of Arable Lake it seems possible 
that its formation was due to ponding of the headwaters 
of Arable Greek by the upraising of the divide. 

Explanation of Plates. 

Plate II. —Geological Map of the Oooina District, N.S. Wales. 

Plate III. —Fig. 1. Phyllites in Slack’s Creek due west of 
44 Kiaora,” showing dip towards the east* 
and jointing in a direction E. 10° N. 

Fig. 2. Dykes of pegmatite intersecting amphibolite, 
in Cooma town. 

Plate IV. —Fig. 3. Outcrop of intensely crushed quartz-porphyry 
at Bunyan. Note the cleavage that has 
been developed. 

Fig. 4. Wallaby Rocks, on the Murrumbidgee, about 
li miles up the river from Mittagang 
Bridge. Note the youthful character of 
the gorge. The banks are composed of 
schist mainly. 

Plate V.—Fig. 5. The northern portion of the S-bend, Murruin- 
bidgee River, looking a little west of south 
down the U-sliaped dry valley in the 
Bcrridale fault-block. 

Fig. 6. Another view of the S-bend, looking east, and 
showing the river emerging from the fault- 
block. Observe the fault-scarp in the 
background. 


1 Loc. ext. tup. 
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Introductory. 

The district which it is proposed to deal with in this 
paper is situated in the County of Northumberland, about 
six miles from tho town of Cessnock. The eruptive rocks 
lie in the Parishes of Rothbury, Pokolhiu and JMilfield, and 
comprise an area about six miles long by about two miles 
broad at the widest part, the longer axis being roughly 
north and south. 

So far as wo are aware, no detailed description of the 
igneous rocks of this district has hitherto been published. 
In Professor David’s “Geology of the Hunter River Goal- 
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field of N.S.W.,” Part I , 1 there are allusions to Pokolbin, 
and the eruptive complex is referred to as a Carboniferous 
inlier. A sketch map is given, and some sections indicate 
suggested relationships between the rocks, which are 
referred mainly to Carboniferous times, with some con¬ 
temporaneous lava flows in the Lower Marine of the Permo- 
Carboniferous. This is, to the best of our knowledge, the 
only place in geological literature where reference is made 
to the igneous rocks of Pokolbin, We propose to treat the 
district in some geological detail, since, though it is of no 
very great extent, it possesses a very interesting geological 
history. 

For convenience of treatment and reference the district 
will be divided into three areas:— 

(i) The Drake’s Hill area, extending from a point about 

half a mile north of the southern boundary of the 
Parish of Rothbury to “Maluna” homestead. 

(ii) The Matthews’ Gap area, from Maluna to Mat¬ 
thews’ Gap. 

(iii) The Mount Bright area, from Matthews’ Gap as 
fur south as the “Jerusalem Rock’’ and Mount 
View School, including the northern portion of 
Mount Bright. 

These areas are by no means to be separated geologically 
or petrographically, as we shall endeavour to show that 
the rocks of the whole district, with a few exceptions, are 
to be considered as forming part or all of a geological unit. 

Physiography and Preliminary. 

Tiie northern portion of the district forms a chain of 
foothills to the Brokenback Range, whose steep scarp runs 
in a general E.S.E. direction as far as Matthews’ Gap, 
where it lakes a sudden turn to the east. Continuing thus 

1 Memoirs of Geol. Surv. N.S.W., Geology No. 4, 1907. 
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as far as Mount Bright, it once more turns E.S.E. and 
follows an irregular course. The range forms part of the 
boundary of the old Hunter Valley, which extends for many 
miles to the east as a generally level plain. This range 
probably represents the remnant of a ge-anticline of Permo- 
Carboniferous rocks which had a roughly meridional axis. 
It is composed of Permo-Carboniferous sediments dipping 
to the west, capped by gently dipping Triassie sediments— 
the Narrabeen Series and Hawkesbury Sandstone. 

At Matthews’ Gap, where the range turns eastwards, 
the eruptive rocks are encountered, and of these the range 
is composed as far as the southern boundary of the district 
we have to deal with. Professor David considers that, 
subsequent to the eruption of the lavas of this district, 
marine conditions obtained, and the eruptive masses existed 
as islands or at all events as submarine elevations in the 
Permo-Carboniferous sea. Elevation and denudation have 
laid them bare again, above sea level. At present the 
physiography is a mixture of maturity and youth. It is 
evident on the one hand that a considerable amount of 
dissection and denudation took place before the deposition 
of the Permo-Carboniferous sediments, as conglomerates 
can often be traced filling in what were Permo-Carbonifer¬ 
ous valleys and containing pebbles of the Carboniferous 
rocks. Furthermore some of the hills of to-day must be 
substantially as they were at the close of Carboniferous 
times, as we find the conglomerate dipping off their flanks 
with comparatively little evidence of further denudation. 
Drake’s Hill is a case in point. 

On the other hand, Post-Triassic erosion has in many 
places cut into the eruptive rocks, and the work of dissec¬ 
tion is still proceeding. In the Matthews’ Gap area the 
youthful physiography of the country is particularly evident, 
V-shaped valleys being formed with eruptive rocks on 
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either side, while the steep eastern scarp of the range from 
Mount Bright to Mount View also betrays youthful physio¬ 
graphic conditions. 

Two examples of imminent stream capture on a small. 
scale are to be seen near Matthews’ Gap, within a quarter 
of a mile of one another, where two parallel branches of 
Moogering Greek are eroding back towards Plying Pox 
Gully which is flowing at a higher level than the other 
creeks, in a direction perpendicular to them and with a 
much gentler grade. A reference to the contour map will 
make evident the very short distance which remains to be 
eroded in both cases. 

Faults. 

Although there is evidence of extensive and complicated 
faulting very little can be definitely determined with regard 
to it. This is due to the fact that much of the faulting 
occurred probably as early as Mesozoic times, so that all 
surface evidence has long been obliterated, and the exist¬ 
ence and position of the faults must be inferred from 
geological considerations. 

Professor David has determined, on stratigraphicai 
grounds, a series of faults affecting the beds of the Permo- 
Oarboniferous, and it is quite likely that in connection with 
these main movements minor faulting occurred in the 
eruptive rocks of the district. A very marked line of fault¬ 
ing is that along the eastern face of the range from Mount 
Bright to Mount View. In fact two almost parallel faults 
seem to be indicated here. The evidence is both physio¬ 
graphic and geological. The bold scarp of rhyolite, per¬ 
pendicular in places, and towering to a height of 600 feet 
above the plain, is a very marked feature of the landscape, 
and at once suggests a very recent fault-scarp, while the 
fact that rhyolites and Permo-Oarboniferous conglomerate 
are found along the top of the range on its western side, 




Fig l .—Contour Map of Matthews' Gap and Mount Bright Areas, 
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and at the plain level on the eastern side, is undoubted 
evidence of local vertical movement. This fault, the more 
easterly of the two, is the older. Two other small and 
doubtful faults are shown on the map, at Post Office Hill, 
and at the place named Jerusalem Rock. In both cases 
the throw is probably small and the evidence for the fault¬ 
ing is mainly physiographic, showing that such faults, if 
they really exist, are of comparatively recent origin. 

Other faults, postulated on geological grounds and noted 
on the map, will be referred to as they occur, in dealing 
with the general geology of the district. 

Geological Age of the Formations. 

In this district there are representatives of two, and 
possibly three, geological periods. The principal and most 
interesting series, comprising acid, intermediate and basic 
lavas, is of Carboniferous age : in the Lower Marine of the 
Permo-Carboniferous, basic lavas and tuffs are developed : 
while underlying the Carboniferous lavas of Mount Bright 
is a long narrow outcrop of grano-diorite which is either 
Lower Carboniferous or Pre-Oarboniferous. It is with the 
Carboniferous lavas that we are chiefly concerned in this 
paper. 

Round the gently sloping elevations comprised in the 
Drake’s Hill area the basal conglomerates and sandstones 
of the Lower Marine can be traced in such a way as to 
leave no doubt that they actually surround it. They appear 
dipping at a low angle off the igneous rocks, so that it may 
be concluded that Drake’s Hill was an isolated elevation 
on the floor of the Permo-Carboniferous sea, against the 
sides of which these sediments were deposited. This con¬ 
glomerate contains pebbles of the rocks of which the inlier 
itself is composed, so that the eruptives are anterior in age 
to the Permo-Carboniferous. The age of the Matthews’ 
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Gap rocks has been determined on similar evidence, and 
by the fact that a tuff bed lias been found containing 
Carboniferous fossils. 

. A very definite and persistent horizon of Lower Marine 
conglomerate can be traced in many places from “Muhina" 
homestead as far as Mount View; this forms a very con¬ 
venient datum bed, as it immediately overlies the Carboni¬ 
ferous rocks. The conglomerate is unfossiliferous and, 
apart from local inclusions of the underlying rocks, is 
characterised by very much rounded pebbles of quartz-por¬ 
phyry and quartzites from some unknown locality. The 
conglomerate can be traced on both the eastern and western 
sides o( the Mount Bright area. At one point on the 
western side, about one and a-half miles north of Mount 
View School, a beautiful section shows the sequence from 
the Carboniferous rhyolite through Carboniferous con¬ 
glomerate, shales and grits to Permo-Carboniferous con¬ 
glomerate and sandstone. At this point the latter are at 
least 200 feet thick, the unconformity between them and 
the Carboniferous being very slight. 

That the Mount Bright grano-diorite is considerably 
older than the Carboniferous rhyolites has been definitely 
proved by the finding of pebbles of grano-diorite in the 
rhyolite and tuffs at different points along the junction oi 
the two rocks. Since considerable denudation must have 
been necessary to lay bare the plutonic rock before the 
rhyolite flowed over it, the grano-diorite must be referred 
to the Lower Carboniferous or some anterior period. 

Geology of the Three Areas. 

A— Carboniferous Hooks. 

The Drake's Hill Area .—The rocks consist mainly of 
rhyolite, rhyolite breccias and tuff, trachyte, and a number 
of isolated patches of andesite. The rhyolitic rocks are 
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mostly on and around tbe Post Office Hlll y and have under¬ 
gone very violent and extensive contortion, apparently 
when in a plastic condition and also subsequent to consoli¬ 
dation. The rhyolite is as a rule strongly banded, and the 
even course of the banding is often broken by folds varying 
from a fraction of an inch to several feet across. Persistent 
tilting of the rock mass is observed, the hows clipping at 
various angles in an average direction of about N. 10° E. 
The beds are cut off abruptly by the small submeridional 
fault already referred to, which also at its southern end 
throws down the trachyte against the rhyolite. 

The rhyolite is mainly of the glassy type, no porphyritic 
quartz crystals being seen as is the case with the Mount 
Bright rock. What appears to be secondary material of a 
jasperoid nature, dark brown to black in colour, is of fre¬ 
quent occurrence. There is evidence of several successive 
flows in this area, the earlier of which were brecciated by 
the later eruptions. Fine rhyolite tuff also occurs in con¬ 
siderable abundance, and a hard green tuff which is spar¬ 
ingly found seems to be a modification of the rhyolite tuffs. 
Trachyte overlies and partly surrounds the rhyolite. It is 
in places of a tuffaceous nature, and is of the leucocratic 
or acid type, light brown in colour. The andesite probably 
represents the remnants of former flows on top of the 
trachyte or intrusive into it. 

An outcrop of chocolate shales and dark coloured con¬ 
glomerate is exposed in the bed of a creek on the Rothbury 
Road, not far from the Post Office. These are entirely 
different in appearance and constitution from the known 
Permo-Oarboniferous rocks, for which reason they have 
been put down as Carboniferous and correlated with similar 
occurrences in the other areas. 


Mount Bright Area .—Here a very much older formation 
is met with in the shape of grano-diorite; as its age may 
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be Carboniferous, it may be conveniently be treated here. 
It outcrops in a long narrow band along the eastern face 
of the range between Mount Bright and Mount View. The 
typical rock is medium-grained, with a slight preponderance 
of light over dark coloured minerals. At the northern 
limit of the occurrence two extremely well marked types 
of local differentiation products occur, the first being a 
basic modification, much darker in appearance than the 
general type. From examination of hand-specimens the 
ferro-magnesian constituents hornblende and biotite are 
seen to predominate, forming about 80 per cent, of the rock, 
while the remainder consists of plagioclase, pink orthoclase 
and a little quartz. A short distance away a further 
modification appears in the shape of a pink aplite, consist¬ 
ing of porphyritie laths of plagioclase, showing albite and 
carlsbad twinning, in a fine-grained base of quartz and 
felspar with subordinate biotite. Pyrites in very small 
crystals is abundantly distributed. The aplite in places 
also contains irregular small patches of tourmaline, and 
large segregations of the same mineral showing librous 
radial structure also occur, probably as a result of pneu- 
inatolytic action. The final phase of differentiation of the 
grano-diorite magma is represented by a pegmatite. This 
rock is extremely coarse in texture and consists of an 
intimate intergrowth of allotriomorphic to subidiomorphic 
quartz and pink felspar. At this northern end the grano- 
diorite is cupriferous, the copper minerals being in close 
association with the pegmatite. Azurite, malachite, pea¬ 
cock ore, pyrites, etc., have been obtained near the upper 
boundary of the grano-diorite, hut the workings are now 
abandoned. Attempts to find copper near the Mount View 
end of the outcrop have proved unsuccessful. 


Rhyolite and rhyolite tulfs are the earliest of the Upper 
Carboniferous volcanic series, and form the greatest part 
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of the rocks of this area. The rhyolite here does not 
appear to have suffered so severely from earth movements 
as that of Drake’s Hill, and in appearance differs from it in 
many respects. Typically the Mount Bright rock is whitish 
to dark red in colour, sometimes, but not invariably, 
strongly banded and containing small idiomorphic quartz 
and felspar crystals sparsely distributed. Secondary 
chalcedony is found, opaque yellowish to red in colour. 

On the edges of the area a coarse agglomerate is 
developed, containing boulders of banded rhyolite up to 
about a foot in diameter. This may have been produced 
towards the dose of the rhyolite eruptions or may repre¬ 
sent the result of the first explosive outbursts of trachytic 
lava. Overlying tlu; rhyolite, and filling in eroded hollows 
in it, are flows of trachyte of considerable extent, gener¬ 
ally yellowish-brown in colour and containing small laths 
of felspar in an aphanitic base. The relations of this 
trachyte to the rhyolite are very definite. 

Only three very small occurrences of basic rocks have 
been observed among the Carboniferous eruptives, in the 
shape of what appear to be small necks of basalt and dolerite. 
The mineralogical and structural points of similarity con¬ 
necting these occurrences suggest that they should be 
correlated, but as the occurrences are isolated from other 
basic rocks their precise geological age is difficult to 
determine; all that can be said is that they are post- 
trachytc. 

Resting directly upon the acid lavas and underneath 
the Permo-Carboniferous conglomerate is a Carboniferous 
sedimentary series, consisting of conglomerates, fine grained 
friable chocolate shales and tuffaceous sandstones: some 
or ail of the members of this series can be traced at many 
points around the area, and up into the Matthews’ Gap 
area. They are well seen on the road about half a mile 
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N.W. of Mount View School, where the whole sequence 
from the rhyolite to Lower Marine conglomerates can be 
traced, the Carboniferous sediments dipping at about 12° 
oil the rhyolite and attaining a thickness of 400 feet. On 
the western side the formation appears as tulTaceous sand¬ 
stones, in close association with rhyolite agglomerate, and 
containing obscure plant remains. On the eastern side the 
greater part of the sediments has been faulted out of sight, 



save in a few places where small 
outcrops of chocolate shales are 
seen. 

The exposure of the grano- 
diorite in this area is probably 
the olToct of the older Mount 
Bright fault. A glance at the 
maps and at Section 1 will serve 
to explain how the faulting has 
brought down the rhyolite to a 
much lower level and thrown it 
against the grano-diorite, at the 
same time exposing the latter. 


c Matthews 1 Gap Area .—While 

this area is continuous with the 
to others in respect of the more 
acid lavas, the occurrence of 
more basic rocks is better 
marked as regards both extent 
and variety. The rhyolite tuffs 
appear as isolated outcrops 
mostly confined to the northern 
end, but nearer Matthews’ Gap 
itself the rhyolites are com¬ 
pletely hidden under trachytes, 
basalt, agglomerate, trachy- 
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andesite, and dacite, with patches of Permo-Carboniferous 
quartz-porphyry conglomerate dipping off the eruptives or 
filling in old valleys. The tuffs or breccias are of a some¬ 
what different variety from those occurring at Drake's Hill. 
and Mount Bright. They are medium in texture, the 
fragments being up to about two inches long, and ranging 
down to microscopic dimensions. The inclusions comprise 
fragments of cherty rock, rhyolite of various colours, 
trachyte of a kind not met with in the flows of the district 
and therefore probably of much earlier date,and fine-grained 
green siliceous-looking rock probably closely related to the 
green tuff of Drake’s Hill and to another tuff found else¬ 
where in the Matthews’ Gap area. The latter seems to be 
a variety of the rhyolite tuff. It is extremely line-grained, 
of a blue-green colour, hard and compact. Its chief differ¬ 
ence from the Drake’s Hill green tuff consists in the 
presence of abundant felspars, largely idiomorphic, but 
often with the appearance of angular fragments, suggesting 
that they are of extraneous origin—not crystallised in the 
tuff. 

Some other very fine grained tuffs are found occurring on 
top of the coarser rhyolite tuffs, in particular that already 
referred to as containing the Carboniferous plant fossils 
Rhacopteris and Cardiopteris , also an extremely fine¬ 
grained greenish-white cherty tuff which is to be found on 
tho N.VV. end of Mount Bright. Both of these are stratified, 
and the Rhacopteris tuff is in places fractured and shattered; 
the pieces having slipped on each other, excellent miniature 
examples of different kinds of faulting have been produced. 

Trachyte is very abundant, and has followed directly on 
the rhyolite and tuffs. It may be divided into two varieties, 
leucocratic and melanocratic, this division being based on 
a microscopic comparison of the two types. It is more 
fully discussed below. The leucocratic trachyte is of a 
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brownish colour, similar to that in other parts of the 
district, with small phenocrysts of felspar showing macro- 
scopically. The melanocratic variety is much finer and 
more even grained, and is of a bluish colour, having the 
general appearance of a rather light-coloured basalt. The 
leucocratic type has the wider distribution, and is the older 
of the two types: on top of it the Carboniferous sedimentary 
rocks, represented by sandstones and conglomerates, have 
been deposited. On top of the conglomerate are further 
flows of trachyte, both the leucocratic and melanocratic 
varieties, accompanied by dykes and sills in the conglomer¬ 
ate. More basic rocks succeed, the most extensive and 
important being a coarse agglomerate associated with basic 
looking tuffs, which are capped by trachy-andesite and 
andesite. The blocks in the agglomerate are often rounded, 
giving the appearance of a coarse conglomerate; they 
include rocks of a felsitic nature, with pebbles of a green 
tuffaceous-looking rock, and the cementing material is of a 
dark basic appearance, but of undetermined composition. 
The whole of this series is well exhibited on the long ridge 
along which run the old and new roads to Matthews’ Gap. 

Probably connected with the same outbursts is the inter¬ 
mediate glassy rock or pitchstonc, of which a couple of 
isolated outcrops are found and of which an analysis is 
given below, and the andesite in the N.W. portion of the 
area* The most basic portions of tiie Matthews’ Gap area 
series are a flow of basalt and associated tuffs. 

The last phase of the volcanic activity of Carboniferous 
age is represented by a flow of dacite, which partially con¬ 
ceals the outcrop of many of the earlier rocks, and which 
is immediately under the Permo-Carboniferous conglomerate 
in some places. Dykes of leucocratic trachyte in the 
agglomerate and trachy-andesite may belong to the same 
phase. 



-Permo-CarbSu 
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The western extension of the 
agglomerate outcrop is cut off 
under this daeite, but on the 
eastern side it abruptly joins 
the Mount Bright trachyte, and 
is seen no further south. A 
similar sharp boundary exists 
for the trachy-andesite and 
Mount Bright trachyte, and 
these circumstances indicate a 
faulted junction. (Vide Section 
2 .) 

Another small fault is probably 
to be placed to the east of the 
old road, letting down the Car¬ 
boniferous conglomerate and 
trachyte a vertical distance of 
about a hundred feet. No great 
extension of this fault can be 
traced, whence it may be argued 
that it antedated the agglomer¬ 
ate and consequently the daeite. 
A line of fracturing and crushing 
is developed in the daeite, 
whereby a typical crush-breccia 
has been produced. Every phase 
can be traced, from the unjoin ted 
rock, through a highly jointed 
zone to a zone of intense fracture 
and lateral movement. This is 
however, merely a local phe¬ 
nomenon. 

A fault on the extreme west 
of the area which has brought 
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the Upper Marine sandstones into juxtaposition with the 
Carboniferous formations is probably part of the Elderslee 
fault of Professor David which has caused the burying of 
the Greta coal measures to a considerable depth. 

B. Pkrmo-Oarbonifjcrous Rocks. 

These have not been studied in detail, but their relation¬ 
ships have been noted where they arc contiguous with the 
Carboniferous rocks. The most notable among the sedi¬ 
mentary series is the quartz-porphyry conglomerate, which 
in this district appears to form the lowest of the Permo- 
Carboniferous strata. It has been suggested, however, 
that any possible lower beds have been concealed through 
overlapping. The conglomerate sometimes disappears and 
then the eruptives are immediately overlain by the Lower 
Marine sandstones. 

The igneous rocks are confined to basalt and tuffs con¬ 
temporaneous in the Lower Marine. The position of these 
is indicated in the geological map, and it will be observed 
that in the southern portion of the district they exist as a 
marginal belt to the Carboniferous rocks. They occur 
some distance up in the Lower Marine, intrusive through 
the basal conglomerate and some of the overlying sand¬ 
stone. Their contemporaneity is proved by the presence 
of Stenopom and Fcncstclln found by Professor David in 
the associated tuffs on the western side of the Mount 
Bright area. 

A considerable extent of the basalt on this western side 

amygdaloidal, the steam holes being filled with zeolites, 
chiefly radiating aggregates of natrolite, often in fairly 
large masses, with associated minor development of pinkish 
datolite and analcite. It is a remarkable circumstance 
that similar occurrences are not met with in the basalt on 
the south and cast of the area. 
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The country between the Drake’s Hill volcanies and 
“ Maluna ” is composed principally of Lower Marine 
sediments—conglomerate, sandstone and foraminiferal 
limestone. A belt of basaltic or andesitic lava can be 
imperfectly traced by means of the resulting soil and by a 
few obscure and decomposed outcrops, but this has not 
been accurately mapped, as the boundaries are impossible 
of delimitation. 

North of the Drake’s Hill area, in the Parish of Rothbury, 
is a small low conical hill composed of basalt, with a few 
short dykes radiating from it. The relations of this outcrop 
are much obscured by recent alluvium, but it is in all 
probability contemporaneous in the Lower Marine. It is 
surrounded by Lower Marine sandstones which a short 
distance away are distinctly dipping towards the outcrop. 

Order of Suooeasion of the Lavas. 

As a result of our investigations we are inclined to 
advance the following order of succession for the rocks of 
the fiistrict:— 

Carboniferous: 

i. Rhyolite and rhyolite tuffs. 

ii. Trachyte, beginning with leucoeratic, and followed 

by raelanocratic. 

iii. Agglomerate, trachy-andesite and andesite. 

iv. Dolerite and olivine basalt nocks, and basalt flows, 

v. Dacite and (?) dykes of trachyte. 

Permo-Carboniferous: 

vi. Basalt. 

The positions of the rocks under iv, and of the trachyte 
dykes are of course not certain, but there is little doubt 
that the general character of the succession is correct. 
There seem to have been several eruptions of rhyolite, both 
as quiet flows and as explosive outbursts. The trachyte 
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followed on the rhyolite apparently without any consider¬ 
able interval. Succeeding the trachyte was a period of 
quiescencejin the vulcanicity and of gradual subsidence, 
during]which:the Carboniferous conglomerates, shales and 
sandstones were laid down, before volcanic action recom¬ 
menced. The longest period of volcanic inactivity was 
probably'that between the dacito and the Lower Marine 
basalt. . During this interval the Permo-Carboniferous 
sedimentation began and advanced to a considerable degree. 

Petrology. 

The rocks found in the district include, as has been 
already shown, a wide range of types. They may be divided 
up as follows:— 

A. Plutonic, 

B. Hypabyssal, and 

C. Volcanic (i) acid 

(ii) intermediate, and 
iii) basic. 

The only plutonic representative is the grano-diorite mass 
exposed along the eastern face of Mount Bright. Hypabyssal 
rocks are represented by the dolerite at Matthews’ Gap 
which occurs as a (?) volcanic neck, and the small neck of 
ophitic dolerito in the Mount Bright area. The acid vol- 
canics include the rhyolites and the dacite, both occurring 
as flows, and probably the leucocratic trachytes can be 
classed with these. The intermediate volcanics include 
the melanocratic trachyte (which in hand-specimens 
resembles very closely a light coloured-basalt), trachy- 
andesite, andesite and pitchstone. Among the basic rocks 
there are olivine basalt, and basalt. 

One of the most noticeable features of the volcanic series 
is the extremely limited development of ferro-magnesian 
constituents. This is very marked in the trachytes and 
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andesites, which are almost devoid of such minerals. In 
some cases, however, a good deal of alteration has taken 
place, and it is possible that a good deal of the ferro- 
magnesian mineral has been replaced by secondary material. 
The norms of the two analyses of quite fresh rocks (andesite 
and pitchstonc) calculated according to the American 
classification, show respectively 16*78 and 11*80 per cent, 
of pyroxene; from this it seems probable that there is a 
good deal of ferro-magnesian constituent present in the 
base though it cannot readily be distinguished under the 
microscope. 

A. Plutonic . 

Grano-diorite. 

Ooarse-grained phanerocrystalline rock, consisting of 
quartz, felspar, hornblende and biotite us far as can be seen 
in hand specimen. Quartz and felspar form more than 
half the rock. Under the microscope the rock is holo- 
crystalline. Its grainsize is even and coarse, and the 
grains have an average diameter of about 2 mm. The fabric 
is hypidiomorphic granular. 

The minerals present are:—Plagioclase, orthoclase, 
quartz, biotite, hornblende, magnetite, apatite and sphene. 

Plagioclase is the most abundant mineral; it is subidio- 
morphic and is twinned after the albite law. It is a good 
deal decomposed. The orthoclase is not so abundant but 
is present in fair quantity. Both the felspars are crowded 
with inclusions of tiny fragments of biotite, hornblende and 
magnetite. Quartz is present but not abundantly. The 
biotite is slightly decomposing to chlorite in places, and 
has a rather fibrous appearance. The hornblende is the 
green variety and is decomposing to chlorite. Apatite 
and magnetite are fairly abundant and sphene is sparingly 
present. The order of consolidation is:— 
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Apatite 

Magnetite 

Sphene 

Hornblende 

Biotite 

Plagioclase 

Orthoclase 

Quartz 

B. Hypabyssal. 

Dolerite, Matthews’ Gap. 

A greenish coloured greasy-looking rock; phanerocrystal- 
line and fine-grained. Felspar and a dark ferro-magnesian 
mineral can be seen in hand specimen. Porphyritic cry¬ 
stals of pyroxene showing hour-glass structure are also 
visible. Under the microscope it is holocrystalline with a 
few porphyritic crystals. The base has medium grainsize. 
The fabric is hypidiomorphio granular. 

The minerals present are:—Plagioclase, augite, magne¬ 
tite, chlorite and calcite. 

The plagioclase is in tabular idiomorphic crystals, zoned 
and twinned after the albite, carlsbad and poricline laws. 
It is partly decomposed to kaolin, the decomposition often 
being zonal. A symmetrical section showing both albite 
and carlsbad twinning gives two symmetrical extinctions 
viz.:—24£° and 37£\ indicating that it is labradorite with 
composition Ab 2 An 3 . Augite is in large subidiomorphic 
crystals with zonally arranged inclusions. A good deal of 
chloritic material is present as decomposition product, 
probably from biotite. Magnetite is present in idiomorphic 
crystals. A little secondary calcite is also present. 

0. Volcanic, (i.) acid. 

Rhyolite. 
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The rhyolite varies a good deal from place to place. 
Typically in hand specimen it is light in colour, with small 
phenocrysts of clear glassy quartz and pink felspar in an 
aphanitic groundmass. Flow-structure is well developed 
in places, but is more often absent. Cavities in the rock 
are of frequent occurrence and are almost always filled 
with secondary material—this is generally chalcedony, 
agate or some other form of secondary silica. Such 
secondary material is plentiful in the Mount Bright area, 
but is of less frequent occurrence at Drake's Hill. At 
Drake’s Hill, however, the rhyolite has been brecciated 
and very numerous cracks, trausverse to the lines of flow 
as well as parallel to it, have been lllled with a deposit of 
black jasperoid material. 

Under the microscope it is markedly banded, and has a 
cryptocrystalline to microcrystallino base with few pheno¬ 
crysts. The phenocrysts are felspar and quartz; the felspar 
is idiomorphic and somewhat decomposed. Drusy cavities 
are present and are generally filled with fine quartz grains 
and in places microscopic quartz crystals can be seen pro¬ 
jecting from the sides of the cavities. Minute cracks 
transverse to the direction of the banding are filled with 
quartz. At Drake’s Hill there is a good example of brec- 
ciation of the rhyolite. The rock has been much crushed 
and crumpled; the original banding of the rhyolite is 
generally still visible, but the cracks have become filled 
with dark coloured secondary jasperoid material. 

An analysis of rhyolite from half a mile south of Mount 
Bright by Mr. J. O. H. Mingaye, 1 is as follows:— 


Si0 2 

77*82 

H a O 

1*40 

TiO a 

0*02 

H a O 

0*30 

Al.O, 

11*46 

oo 2 

0*03 

FcgOj 

0*30 

P a O 

0*04 

FeO 

0*09 

so 3 

007 

MnO 

« 0*01) 

BaO 

0*02 

MgO 

OaO 

0*23 

0*22 

Li a C 

trace 

K s O 

Na.O 

7*19 

0*80 


100*11 


Sp. gr. 2*596 


Kindly furnished by the Department of Mines. 
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Rhyolite Tuffs. 

These occur abundantly throughout the whole district. 
They are generally light in colour and are very solid. Their 
texture varies from very fine to very coarse. In the 
coarser ones angular fragments varying from half an inch 
to several inches in diameter are cemented together by 
extremely flne grained siliceous material; the very line 
ones on the other hand are composed completely of crypto- 
crystallinc to microrrystalline siliceous material, with a 
small amount of felspathic material and glass. The base 
in places shows obscure traces of lamination and contains 
fragments of felspar crystals and quartz. Occasionally 
large*quartz grains are corroded and much granulated. 

Dacite, Matthews’ Gap Road. 

These rocks vary in colour from a light brown to dark 
reddish-brown. The lighter coloured varieties appear to be 
slightly more acid than the darker ones. They are porphy- 
ritic in texture with aphanitic ground mass. The pheno- 
crysts in the lighter coloured ones are chiefly quartz and 
felspar; biotite is only sparingly present. In the darker 
ones quartz and felspar are abundant, as is also biotite, the 
latter being well developed in hexagonal plates. In places 
they are somewhat tuffaceous. 

Under the microscope they are all hypocrystalline, with 
porphyritic texture. The phenocrysts vary in size from 
medium to large. The base is generally made up of brown 
glass, but occasionally it is partly cryptocrystalline; the 
fabric of the ground mass is tluidal. Plagioclase and 
quartz form the bulk of the phenocrysts; plagioclase is the 
more abundant of the two. The quartz is in corroded 
subidiomorphic to idiomorphic grains. It contains inclus¬ 
ions of the ground mass and shows very little evidence.of 
strain. Plagioclase is abundant, but rather decomposed. 
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It shows albito twinning and sections in zone perpendicular 
to (010) give symmetrical extinctions up to 21° showing 
that it is a labradorite of composition about Ab 4 An a . It 
shows a variety of decomposition products—some of it is 
decomposed to kaolin, some shows a development of sericitic 
aggregates along twinning planes, and still other pieces 
are almost completely pseudomorphed by calcite; in the 
latter case there is considerable development of hematite 
along the cleavage and twinning planes. Biotite is present 
as small long ragged flakes, some of which are considerably 
bent. Magnetite and apatite are also present and there 
is a small amount of chlorite. 

Dacite (dyke rock) New Matthews’ Gap Road. 

This is a dyke related to the dacite. It is porphyritic 
with a glassy base and showing well marked flow-structure. 
The phenocrysts are generally coarse, with an average 
diameter of 2 to 3 inm. They consist chiefly of quartz and 
felspar. The quartz is in some cases beautifully corroded 
and contains inclusions of the ground mass. The felspars 
are much decomposed and there is a heavy deposit of 
hematite along the cleavage and twinning planes. Flakes 
of biotite are present and also ilmenite. 

Trachyte, Drake’s Hill. 

This is a brown, flne-grained rock. It is slightly drusy 
and secondary minerals are developed in the druses. 
Crystals of a pinkish-coloured felspar can be recognised in 
hand specimen. Under the microscope it is hypocrystalline 
and porphyritic. The phenocrysts’ average size is medium. 
There are two generations of felspar. Those of the larger 
generation are medium sized subidiomorphic crystals. They 
consist of both orthoclase and plagioclase, the former being 
the more abundant. The plagioclase is twinned after the 
albite law. The smaller ones consist of very fine needles 
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scattered throughout the base. The larger ones are con¬ 
siderably dusted with kaolin. Patches of tho rock are 
stained with iron oxide. Magnetite is the only other 
mineral visible. 

Trachyte, top of Matthews’ Gap Road. 

Light brown coloured, vesicular rock. The steam holes 
are flattened and have their longer axes all lying in one 
direction. Pink crystals of felspar can be seen in hand 
specimen, making the rock slightly porphyritic. The base 
is fine-grained, aphanitic. Linder the microscope the rock 
is hemicrystaliine, hypocrystallinc, slightly porphyritic and 
with a slightly fluidal fabric. The minerals are:—Ortho¬ 
clase, plagioclase, quartz, and magnetite, and a small 
amount of glass is present. The orthoclase is most abundant 
and is also considerably decomposed. There is a second 
generation of felspar in the form of minute microlites in 
the base. Quartz is present in somewhat rounded grains. 
Magnetite is not abundant. The base consists mostly of a 
brownish-coloured glass. 

G. Volcanic , (ii) intermediate. 

Melanocratic trachyte. New Matthews’ Gap Road. 

Bluish-black in colour and very solid. Fracture subcon- 
choidal; fine-grained, aphanitic. Very small felspars can 
be recognised in hand specimen, and tho rock resembles a 
light-coloured basalt. Under the microscope it is hypo- 
crystalline; the fabric is trachytic and somewhat fluidal. 
Both orthoclase and plagioclase are present, the former 
being the more abundant. It is in rather decomposed 
tabular crystals. The plagioclase is an acid labradorite. 
There are two generations of the felspar, the larger ones* 
averaging about *75 by *25 min., and the smaller ones arc; 
only fine needles. Magnetite is abundant in small grains. 
There is a very dark mineral present in small grains which 
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are slightly pleochroic but too small to be accurately 
determined—they are probably pyroxenes. The base forms 
about 20 per cent, of the rock and contains a moderate 
proportion of light-coloured glass. 

Trachy-andesite, Matthews’ Gap Road. 

Pine-grained rock, appearing rather tutfaceous in parts. 
A pink secondary mineral is present. Under the micro¬ 
scope it is hypocrystalline and slightly porphyritic; the 
fabric is trachytic. The phonocrysts are of felspar and 
magnetite; the felspar is in idiornorphic tabular crystals, 
somewhat decomposed, and is mostly orthoclase. The base 
is composed of minute felspar microlites and numerous 
small magnetite grains. There are a few grains of pale 
green mineral with low D.R., probably chlorite. 

Andesite, Old Road. 

Dark blue rock, slightly porphyritic with fine-grained 
base. Very hard and fresh and weathers into spheroidal 
lumps. Minerals visible in hand specimen are lath-shaped 
glassy felspars and a small amount of dark ferro-magnesian 
mineral. Under the microscope the texture is porphyritic. 
The phenocrysts average about 1 by 1*5 mm., the base is 
hypocrystalline. Plagi clase constitutes the great majority 
of the phenocrysts and a section parallel to (010) gives an 
extinction of -20° measured from the cleavage parallel to 
(001)and the plagioclase is therefore labradorite(Ab 3 An 4 ). 
There are a few large grains of magnetite. The base is 
made up of small lath-shaped felspars, very numerous grains 
of magetite, minute apatite prisms, small dark grains, 
almost opaque, too small to identify but probably pyroxene, 
and a fair amount of light coloured-glass. This has been 
analysed, with the following result:— 
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Per oent. 

Moloo. 

SiO, 66-20 

propor. 

920 

TiO. 1*17 

15 

AlgOj) 20*14 

197 

Fe.O, 8-66 

22 

FeO 8-46 

48 

MnO 0*00 

2 

MgO 1-10 

28 

CaO 9*17 

164 

K t O 0*96 

10 

Na,0 4*80 

H,0 -f 1*25 
H,0 - 0*10 

CO „ absent 
P a 0 5 trace 

100*99 

! 77 

1 


Per cent. 
Quartz ... 498 
Ortboclaae... 5 56 
Albite ... 40*84 
Anorthite ... 80-58 
DiopRide 9-27 
Wollaatonite 1*61 
Magnetite ... 6-iO 
Ilinenite ... 2*28 
Water .. 136 

100-98 


Sal 81*46 7 . 5 

Fem " 18*16 * T > 8* 

Class ii (Dosalanu) 

Q _ 4-98 1 

F 76*48 ^ 7 

Order 5 fQeraianare) 
K 8 Q-h Na a O 87 ^ 3 ^ 1 

CaO 164 f> ** 7 

Rang 4 (Heflsaae) 

K 2 0 10 1 

Nh„0 ~ 77 ^ 7 

Subrang 4 


Andesite, Drake’s Hill. 


Dark-coloured fine-grained rock. Well-developed flow- 
structure shown by the parallel orientation of slightly por- 
phyritic felspar crystals. Very small amount of ferro- 
magnesian mineral visible in hand specimen. Considerable 
amount of variation from place to place, the chief points 
of variation being the size of the felspars, the amount of 
ferro-magnesian constituent and the degree of development 
of flow-structure. 


Under the microscope it is hypocrystalline and porphyritic. 
The base is mostly glassy. Felspar is present in two 
generations; the larger are idiomorphic and twinued after 
the aibite law; a number of symmetrical sections gave a 
maximum extinction angle of 26° so the felspar is labra- 
dorite (Ab,An,). The smaller ones are fine needles and 
they accentuate the flow-structure. There is a good deal 
of magnetite present. Very little ferro-magnesian mineral 
is present, but a certain amount of pale green chlorite is 
developed, and this seems to be probably from the alter¬ 
ation of ferro-magnesian minerals. In one example there 
is a small amount of decomposed biotite present. 

Pitchstone, Portion 42, Parish Pokolbin. 

In hand specimen a black vitreous rock, almost com¬ 
pletely glassy, a few small crystals of felspar being visible. 
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Under the microscope the rock is hypohyaline; the base 
is mostly of glassy material and contains a large number of 
extremely small felspar microlites. The glassy material 
is dark in colour, probably on account of the fairly large 
amount of magnetite distributed in very minute grains. 
The small microlites exhibit a parallel arrangement, bring¬ 
ing out the flow structure present. There is also a larger 
generation of felspars having a size of about 1 mm. by *5 mm. 
It is twinned after the albite law and is labradorite. There 
are a few small grains of another mineral almost colourless, 
with only very slight pleochroism. Its D.R. is negative 
and approx. *010 and the R.I. is considerably higher than 
that of Canada balsam. It has parallel extinction and is 
biaxial. There seems to be no doubt that it is hypersthene. 
Magnetite is the only other mineral visible. This rock has 
been analysed with the following result:— 


Per cent. 

Molec. 

propor. 

SiO, 

58*79 

980 

TiO, 

1*21 

15 

AI.O, 

17*61 

172 

Fe„0, 

2*11 

13 

FeO 

3*87 

54 

MgO 

2*23 

56 

CaO 

618 

110 

K,0 

0*68 

7 

Na„0 

4*84 

78 

H a O-f 

2*61 


H 2 0 - 

0*71 


CO a 

trace 

10074 



Per cent. 
Quartz ... 11*46 

Orthoclase 3*89 
Albite ... 40*87 
Anortbite .. 24*18 

Diopaide ... 6*29 

Hypemthene 6*51 
Magnetite .. 3*02 

Ilmeuite ... 2*28 

Water ... 3*32 

100*82 


Sal 80*40 5 

Fem 17 J0 > 3 

ClasB ii (Doealane) 

Q 11*46 3 1 

F 68*94 6 > 7 

Order 4 (Austraro) 
K 0 O+Na tt O 85 ^6 3 

CaO 110^3^5 

Rang 3 (Tonalose) 
K,0_ 7 1 

Nm.O 78 * 7 

Snbrang 6 (Placerose) 


O. Volcanic, (iii) basic. 


Basalt, west of Moogering Greek. 

Dark aphanitic rock with uneven fracture. Tiny lath¬ 
shaped felspars can be recognised in hand specimen. 

Under the microscope it is hypocrystalline, pilotaxitic. 
A small amount of interstitial glass is present in the base. 
Felspar is present in lath-shaped crystals with their longer 
axes in a generally parallel direction. Magnetite is abun- 
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dant in small grains. A light-coloured ferro-magnesian 
mineral is present in small grains, probably augito. Chlorite 
is sparingly present. A good deal of secondary calcite is 
present. 

Olivine basalt, Portion 78, Parish Milfleld. 

Dark, rather heavy rock. Felspar and a dark mineral 
can be seen in hand specimen. Microscopically it is hypo- 
crystalline, the amount of glass being very small. Radiate 
fabric is fairly well developed and ophitic structure is 
present. The minerals are:—Plagioolase, olivine, augite, 
magnetite and serpentine. The plagioclase is quite fresh 
inidiomorphic lath-shaped crystals whose maximum extinc¬ 
tions in sections perpendicular to (010) is 39% indicating a 
bytownite of composition near Ab :t An 7 . The augite is 
titaniferous, violet in colour and with fairly marked pleo- 
chroism. It is abundant, but only in small pieces, and 
ophitically encloses plagioclase. Olivine is present in 
fair quantity and is partly altered to serpentine, the alter¬ 
ation having taken place round the periphery and along the 
numerous cross cracks present. Magnetite is present in 
numerous small grains mostly included in other minerals. 

Basalt, Portion 55, Parish Milfleld. 

Under the microscope it is hypocrystalline. The fabric 
is somewhat fluidal. The minerals are:—Plagioclase, 
augite, biotite, magnetite and a pale green zeolite. The 
plagioclase is in lath-shaped crystals and a good deal 
decomposed to kaolin. The augite is titaniferous and 
slightly pleochroic. Biotite is dark reddish-brown in colour, 
idiomorphic, often in hexagonal sections, with parallel 
extinction and pleochroic. Sometimes the central part is 
altered to a greenish aggregate. There is also a fairly 
large amouut of pale green zeolitic mineral present. 
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libacopteris tuff, Matthews* Gap Road. 

Fine grained, very compact and laminated. It has a 
bluish-grey colour when freshly fractured, but after short 
exposure (a few weeks) to atmospheric weathering it 
becomes brown. It has evidently undergone considerable 
local movement, as seen from the large number of perfect 
miniature faults which are present. It contains scanty 
remains of Rhacopteris and Cardiopteris . 

Under the microscope it consists of rounded and angular 
fragments of felspar and quartz, mostly very much iron 
stained, cemented together by light-coloured glassy 
material. A good deal of calcite is present. 

Oherty tuff, North of Mount Bright. 

Light-coloured greyish-green, fine-grained rock; lam¬ 
inated and considerably jointed. Under the microscope it 
is extremely fine-grained and is composed of minute grains 
of quartz, and felspar and small amounts of magnetite and 
probably rutile and pyroxene, with a cementing material 
which appears felspathic. 

Summary. 

In the foregoing remarks we have endeavoured to 
establish the following main points:— 

i. Partly underlain by earlier plutonic rocks, a complex 
of Upper Carboniferous volcanic lavas exists in the Pokolbin 
District constituting a series of inliers in the Permo-Car¬ 
boniferous sediments, the formation being substantially 
continuous from a point about half a mile north of Drake’s 
Hill to the outcrop known as Jerusalem Rock. 

ii. A series of basaltic rocks occurs contemporaneous in 
the Lower Marine of the Permo-Carboniferous. 

Hi. The two series of rocks together form a succession 
showing a gradual order of differentiation from rhyolite to 
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basalt, with a second phase of three components, dacite 
and trachyte, followed by basalt. 

Iv. The rocks have been much faulted, the period of 
disturbance ranging from (?) Carboniferous possibly to 
Tertiary times. 

It is suggested that the lava extrusions were in the 
nature of Assure eruptions, the axes of extrusion being 
roughly meridional, and that this accounts for local modi- 
Acations in the rock types. A petrological description of 
the typical rocks has been given. 

Conclusion. 

Our Arst geological acquaintance with Pokolbin was 
made at a University camp four years ago under the leader¬ 
ship of Professor David, and we wish to acknowledge our 
indebtedness to him for kind permission to make use of his 
maps of the district, for advice as to the general trend of 
our work and for his kindly and encouraging interest. Our 
sincere thanks are also due to Mr. W. Eustace Wilkinson 
of “Maluna,” Pokolbin, who at all times generously placed 
at our disposal his extensive and practical knowledge of 
the geology of the district. The good people of the district 
in which our Aeid work lay we always found ready and 
willing to assist us by any means in their power, a circum¬ 
stance which often lightened our labours and added to the 
pleasure with which we pursued our investigations. 

Explanation of Plates. 

Plate XXV., Geological Map of the eruptive and associated rocks 
of Pokolbin, New South Wales. 

Plate XXVI., Fig. 1. Banded rhyolite, from Post Office Hill, 
showing contortion ( x §). 

„ „ 2. Brecciated rhyolite, Post Office Hill ( x £). 
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Plate XXVII., Fig. 3. Rhacopteris tuff, showing miniature 
faulting ( x f). 

Plate XXVIII. „ 4. View of Drake’s Hill and Post Office Hill 

from New Matthews’ Gap Road. 

„ „ 5. View looking towards Mount Bright from 

“Maluna.” 

Plates XXVI and XXVII from polished specimens kindly lent 
by Mr. W. Eustace Wilkinson. 




















NOTE ON THE LIMITATIONS OF DE CHADLNliS METHOD OF 
DETERMINING REFRACTIVE INDEX. 


By LEO. A. COI1'ON, B.A., B.Sc., Unman Muleuy Fellow in Geology. 


This note was prepared about three years ago at the suggestion 
of Dr. W. G. Woolnough, whom I wish to thank here for his 
encouragement in its preparation. 


De Chaulnes* Method for Dkiermininc* Refractive 
Index. 



If light be converged by a lens L 
and passed through a glass slip or 
mineral section with parallel faces, 
each ray is refracted. Suppose 
the converged light alter passing 
through the slip AB to l>e received 
into a microscope which has QB 
the normal to the plane faces of 
the slip as its line of collimation. 

Let PBQ be the angle that the 
converged light makes with the 
normal to the plane faces of the 
slip. 

On entering the slip the ray will 
be deflected along some direction 
BI) such that sin. PBQ : sin. ABD 
=fi : I where is the refractive 
index of the substance of which 
the slip is made. 

On emerging from the slip the 
light is again refracted and passes 
along a path DX which is parallel 
to its former direction PB. 


If an object lies at B,then the introduction of the slip causes 
it to appear at F. 

If the microscope was focussed on the object at B before the 
introduction of the slip, then in order that the object may be in 
focus after the introduction of the slip it will be found necessary to- 
raise the objective through a distance FB. 
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The refractive index of the slip can be expressed in terms of 
the distance BF and the thickness of the mineral section as follows :— 
Let BF and AB=/, 

Then the refractive index is given by the relation 
sin. PBQ _ tan. PBQ 

''“sTnTABD - tan. ABD since the an 8 les PB Q and 

ABD are small. 

Hence = AB/AF —t/it-d.) . . . . (1) 

To investigate the limits of error the following procedure is 
adopted. 

Let /* denote the refractive index 
Then /< =//(/— d) 

To obtain tht i error in /i due to errors in t and d equation 
fl) is differentiated as follows:— 

*'•'-= IX 7-7/ 

+ (7— 7f fJ . W 

The values of fit and fid arc, from the nature of the measurements, 
equally likely to be positive or negative, and hence the negative 
sign attaching to the coefficient of *:t has no practical significance* 

From (I) t — d=t/n 
and d— (yu— 

Hence by eliminating d from (1) and (2) 

V = (3) 

As the real test of accuracy is the ratio of the error to the 
amount measured, it is better to write equation (3) in the form 

V/A* = 4* (3)a 

From this equation the following facts are clear :— 

(1) For a given thickness of material more accurate results are 
obtained with minerals of low refractive index than with 
those of high refractive index. 

(2) In determining the refractive index of any mineral more 

accurate results are obtained from thick than from thin 
sections. 

Since the great majority of minerals have refractive indices 
between 1*4 and 2 it will be sufficiently practical to consider the 
variations between these limits. 

The values of Id are of a definite order of magnitude, which, 
according to my own observations, approximates to *01 m.m. 






Values of d in m m 


REFRACTIVE INDEX. 


Mr. Sorby, 1 who has made a series of experiments with this 
method, states that “ an accuracy of (M)l inches can easily be 
obtained 

The value of t may be ascertained to any required degree of 
accuracy, but in practice it is usually determined by the same 
method which is used in obtaining the value of d. Thus, the value 
of &=&2=s*01 rn.m. 

If the thickness of the plate used be such that the co-efficient 
of 2>d in (3) A be not greater than unity, then ft can he c alculated 
with considerable accuracy, 


2 & 



Values of |J 
Fig. 3. 


1 H. C. Sorby : " On a Simple Method of Determining the Index of Refraction of Small Portions of 
Transparent Substances,” Min. Mag,, 1877, Vol. I., pp. 07*08. 
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The maximum errors which can occur in determining refractive 
indices of the values 1 *4 and 2 are shown to be respectively as follow: 

Suppose ////=] and 01 rn.m. 

and also /*=1 '4 ; 

Then substituting in equation (3) A gives 
X ’01 +*01 

= — -0029+ 01. 

Since ct and ?d may each be either positive or negative this gives 
a maximum value'of fyi//t=0129, which is an error of 1 *29 per cent. 

Thus a number of observations should give the value of U 
correct to much less than one per cent. 

Again, suppose n/t— 1, rt=cd=‘0\ and /<=2 ; 
the substitution in equation 3 A gives 
B/u/f < = — i X 01 + 01 ; 

- 005+ 01, 

and this gives a maximum value ot .015 if H and Id arc of opposite 
sign. This is an error of 1 *5 per cent., and a number of observations 
would reduce the probable error to much less than one per cent. 
As H and ?d are measured in millimetres this indicates that 

(1) For minerals with relatively low refractive indices a 

thickness of material not much less than 1*4 rn.m, 
should be \ised to give values correct to one per cent ; 

(2) For minerals with relatively high refractive indices a 

thickness of material not much less than 2. rn.m. should 
be used to achieve a similar result. 

Mr. Sorby 1 states that if the thickness be from Jth to £ inches 
“ the errors ought to be limited to the third place of decimals. M 

Most that is contained in the foregoing may be represented 
graphically as follows.;— 

If the curves /4~*t/(/— d) be plotted for different values of t, 
making p and d the variables, a series of rectangular hyperbolas is 
obtained, all passing through the point 0,1 and all being asymptotic 
to the line d—t for the particular value of t belonging to it. 

The curves for 2=1, 2, 3, 4 and 5 rn.m. are represented in the 
accompanying diagram. From these it is apparent that as in¬ 
creases the curves become flatter, bending over to become asymp¬ 
totic to the lines d=t. Hence on any curve a small change 
makes a greater change in the value of /u when is large than 
when /i is smaller. If the ratio ty//i he tested it will be found to 
increase continuously with /#, and this corresponds to statement 
(l) on page 2. 

Again, as t increases the curves rise more steeply, which means 
that for any given value of /t the change £»/, and hence the ratio 
is smaller for thick than for thinner plates of material, and 
this corresponds with statement (2) on page 2. 


1£m. cit. 
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i. Introduction. 

The Copeton diamond-field has its centre of activity at Copeton, 
a small township on Cope’s Creek, about two miles above its 
junction with the Gwydir River. It is thus on the western edge 
of the New England tableland. The present paper is the result 
of observations made during June, 1909, May, 1910, and January, 
1913. A number of investigators had previously given some 
attention to the field, and several papers have been published in 
connection with it. The earliest report which I have been able 
to trace, is that of Mr. C. S. Wilkinson(lO) to the Surveyor- 
General, in July, 1873. In this report, he refers to the opera¬ 
tions of the Borah Tin and Diamond Mining Company on the 
alluvial drift, which, he suggests, has been derived from the 
denudation of the deep leads. It is now known that this sugges¬ 
tion is the correct one. Other reports have been furnished from 
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time to time by officers of the Department of Mines, the chief of 
these being that of W. Anderson(2) in 1887. This communica¬ 
tion was accompanied by a geological map of the district in the 
neighbourhood of Copeton. This map, somewhat modified and 
added to, has been incorporated in this paper. Another report 
of some value is that by G. A. Stonier(8) in 1894. An excellent 
summary of the work accomplished, up to the date of publication, 
was given by Mr. Pittman(7) in his book, M The Mineral Re¬ 
sources of New South Wales,” which appeared in 1901. The 
most interesting fact, from the scientific standpoint, was the dis¬ 
covery of a diamond in its true matrix by Messrs. Pike and 
O’Donnel in 1904. An account of this was published in the 
Annual Report of the Department of Mines for that year. 

More recent contributions to the literature of the subject have 
been made by Professor David(4), Mr. J. A. Thompson(9), and 
Mr. A. R. Pike(6). 

ii. The Naturk op the Leads. 

The diamond-bearing drifts fringe the depression which lies 
between Cope’s Creek and theGwydir River. (SeePlate xci.,fig 2). 
As the first diamonds discovered were won from recent alluviala , 
these will be first described. 

Reference has already been made to the fact that diamonds 
were first found by miners in search of alluvial tin. In all these 
cases, these gems had been redistributed from Tertiary river- 
gravels. By this process, small quantities of these gravels were 
added to relatively large masses of recent river-gravels. In con¬ 
sequence of this, it is at once apparent that the diamonds must 
be scattered through a much greater amount of barren river- 
gravel than was the case in the old leads. In exceptional cases, 
where the denudation of the Tertiary gravels was rapidly effected, 
the recent alluvial deposits have proved payable. Koh-i-noor 
deposit and the old football-ground at Copeton are examples of 
this type of occurrence. The former place lies between two well 
defined portions of the Tertiary lead. The diamonds are here 
found distributed through a mass of basalt-boulders, which have 
been woru down from the neighbouring hills. These boulders 
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have become encrusted and cemented by calcite, resulting from 
the decomposition of the basalt itself. At the latter place, the 
diamonds have been derived from the destruction of a tributary 
of the main lead, which connected Soldier Hill with the Hound 
Mount. 

Though a few diamonds have been won from these recent 
deposits, by far the greater number have been recovered from 
the Tertiary deposits. In rare cases, the basalt-capping has been 
denuded, and the gravels lie exposed at the surface. These 
original deposits are readily detected from the recent alluvials, 
both by their position and the nature of their gravels. Examples 
of such deposits are the Streak of Luck, and the Sandy Elook. 
The greater part of the Tertiary gravels, however, are now to be 
found underlying basalt-flows at various depths from the surface. 

The age of the diamond-l>earing gravels can be determined 
only relatively to the rocks l>etween which they lie, as no 
definite internal evidence has yet been found. Though lignite 
occurs in several of the mines, no definite plant-remains have 
been obtained from this locality. 

The granites are to be correlated with those at Ashford, which 
have been stated to intrude Permo-Carboniferous sediments. 
The coarse grain of the granite indicates that it must have con¬ 
solidated under a considerable thickness of the sedimentary rock. 
As, however, but little of the latter remained at the time when 
the basalt-flows occurred, a considerable interval must have 
elapsed between the intrusion of the granite and the formation 
of the deep leads. 

The evidonce of fossil leaves, from other leads in New England, 
points to a late Tertiary age for the basalts of the plateau. In 
the lack of any more definite evidence, therefore, the Copeton 
diamond-deposits may l>e regarded as of late Tertiary age. 

Tertiary gravels .—The nature of the diamond-bearing drifts 
has obviously been determined by the character of the country 
over which the prebasaltie streams flowed. The main lead at 
Copeton has had its course entirely in granite. This rock is of 
an aplitic character, and, being composed chiefly of quartz and 
felspar, has, as its products of decomposition, quartz-grains and 
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kaolin. The latter product, on account of the ease with which 
it is carried in suspension by running water, can be deposited 
only where the water is comparatively still, as in lagoons. Con¬ 
versely, the occurrence of any kaolin-deposits implies compara¬ 
tively still-water conditions of deposition. 

A few small tributaries of the main lead have intersected the 
sedimentary rocks (chiefly clay-slates), and have thus locally 
introduced a third factor. 

As the processes of river-development do not vary with 
geological time, the Tertiary leads exhibit features in common 
with present-day streams. Large boulders, for example, occupy 
a great portion of the old river-ehannelB. These are often so 
large as to be mistaken for portions of the walls or bottom of the 
river-channel, and are a source of continual trouble and per¬ 
plexity to miners. In general, of course, there is an arrange¬ 
ment of the coarsest material at the base of the drift, and a 
diminishing coarseness of texture with distance from the channel- 
bed. This type-arrangement is subject to modification in which 
a number of coarse bands mark the temporary level of the stream. 

The drifts are almost invariably of a reddish colour, which is 
due to the staining effect of the iron-oxides leached from the 
overlying basalts. The thickness of the drifts varies very greatly, 
even at short distances. This may be attributed to two causes, 
the first being the irregularity of the bed of the stream, and the 
second, the differences in grade; a swiftly flowing current, on a 
steep grade, tends to sweep the channel-bed free from all loose 
material. 

The greatest thickness of drift observed at Copeton was at the 
Rouncl Mount. Here a depth of 25 feet was encountered. The 
“ wash,” as it is called, differs from the main bulk of the gravel 
in being ooarser in texture and more compact. At the Round 
Mount, the bulk of the gravels consists of small quartz-grains 
from 2 to 5 mm. in diameter. The wash, on the other hand, 
consists chiefly of quartz-pebbles from 5 mm. to 3 cm. in length. 
The pebbles are of the normal stream-type, being ellipsoidal in 
form. The slightly predominant tendency of these pebbles to 
lie with their long axes sloping upwards towards the south-east, 
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indicates that the flow was probably in that direction. Amongst 
the quartz-pebbles in the wash are to be found a number of 
blue-ooloured rocks, subangular or ellipsoidal in form, and ranging 
from 2 to 24 cm. in length. This particular band of rock is 
20 cm* in thickness, and lies between gravel and drift of normal 
character. The existence of these bands of wash, at different 
levels in the drift, is doubtless due to the action of minor floods. 
Andrews has shown that the work of aggradation is performed 
in the interflood period. Each moderate flood excavates some of 
the material aggraded during the interflood period. The largest, 
or true flood, removes the whole of this material, and corrades 
the channel. As the flood subsides, aggradation commences; 
matter held in suspension gradually settles; the coarser material, 
on account of its greater weight per unit of surface, sinks first, 
and thus a grade from coarse to fine material is established. 
Pebbles of greater density associate with larger stones of less 
density; and, finally, sand covers the whole. The effect of a 
moderate flood, on the deposit, following a large flood, will now 
be considered. The moderate flood has not sufficient energy to 
remove the whole of the material deposited after tho large flood, 
but it can remove some of it. As this moderate flood begins to 
subside, deposition takes place, and another series is formed 
having the coarser pebbles at its base. Thus it is possible for 
many zones to be formed. The coarser pebble-zones formed in 
this way constitute the layers of wash. The lowest layer of wash 
is usually the most payable, as the diamonds are larger and more 
abundant. The layers of wash are somewhat irregular. The 
bottom-layer follows the contours of the channel-base, which is 
generally very uneven. The upper layers of wash, on the other 
hand, conform very uniformly to the horizontal, as they are built 
up on the loose sands and gravels, which readily adjust them¬ 
selves to the level under the influence of running water. Yet 
there is a degree of irregularity: the wash seems to be cut off 
very abruptly in places, and no clue seems to bo afforded by 
which it may be traced. A very striking illustration, which 
may explain this irregularity, was observed in the bed of Cope’s 
Creek, near its junction with the Qwydir. A recent flood of 
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considerable strength had passed along the channel of the stream, 

but, at the time of observation, only a small stream was running. 

The notable feature was the arrangement of the sands and 

gravels in the creek-bed. These were deposited in wedge-shaped 

blocks, having the thin edge of the wedge pointing up-stream. A 

diagrammatic section of these deposits- along the length of the 

treara is given in Text-fig. 1. This would seem to correspond to 

^T>i*fgTiQA of Flnu x Andrews’ step-like structure in 

.si the evolution of stream-develop- 

ment. The slopes were from 20 

to 30 feet in length, and the 
Text-fig.I.—Section of bed of Cope’s ._-_ 0 . 0 - , . . . , . 

* . „ . . A steps from 2 to 3 feet in height. 

Creek, parallel to the stream. r n 

Tho depressions caused by these 

steps were of the shape of isosceles triangles (Plate xci., 

fig.2), having the apex of each triangle pointing down-stream, 

and the base perpendicular to the direction of flow. The length 

of the base varied from 6 to 10 feet, and the height of the 

triangles from 8 to 10 feet. The depressions were in sand 

having a grain-size from 1 to 3 mm. The upward-sloping surfaces 

of the gravels were covered, to a depth of about 2 inches, with 

coarse pebbles, from 3 to 7 cm. in diameter. If these were buried 

under a further load of drift and sand, and then covered by a 

basalt-flow, they would present the same discontinuity, in the 

beds of wash, as are met with in the deep leads. The study of 

such features should bo of value in the prospecting of deep leads. 

In a deep lead, there are four well marked zones in the 
materials deposited, any or all of which may be present. These 


(1) . The coarse gravels known as the wash 

(2) . The medium-grained sands and gravels constituting the 
main bulk of the deposits. 

(3) . A deposit of fine mud or clay. 

(4) . A deposit of vegetable-debris, which has, not infrequently, 
been converted into lignite. 

Of these, the wash has been partly discussed in relation to its 
occurrence at the Round Mount. It has already been noted 
that the leads under consideration are entrenched in granite, 
save where a few tributaries have intersected the slate-formation. 
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It is to be expected, therefore, that the gravels and sands would 
consist of simple products, and, with regard to the great bulk of 
them, this is true. There are, however, to be found, intersecting 
the granite, a great number of small reefs containing many 
different minerals. It is from these reefs that the bulk of the 
wash is made. The hard parts of the wash comprise quartz, 
tourmaline, topaz, jasper, zircon, cassiterite, garnet, and diamond. 
The soft parts are made up of kaolin, decomposed granite-pebbles, 
and decomposed pebbles of basic igneous rock. 

In the main lead, the wash is fairly coarse, the average size of 
the pebbles ranging from 1 to 8 cm in diameter. Occasional 
boulders are met with, from this size up to several feet in 
diameter. 

A large percentage of the hard wash-pebbles are quartz, pro¬ 
bably more than 90 %; and these can have been derived only 
from the reefs in the granite. Tourmaline-pebbles are next in 
order of abundance. These are not of large size, tjeing, as a rule, 
rather less than 1 cm. iu length. They are generally more l»ean- 
shaped than the quartz-pebbles, this, no doubt, being due to their 
formation from the “pencil-tourmaline” so common in the quartz- 
reefs. The proportion of tourroalitie to quartz-pebbles varies 
greatly from place to place, but rarely exceeds 5 %. The topaz, 
which occurs in the wash, has, no doubt, been derived from the 
same source as the tourmaline, but the amount present is very 
small, and is only noticeable when concentration has been 
effected. A similar statement also applies to the garnet found 
in the leads. These gems arc small, rarely exceeding 4 mm. in 
diameter. It is this mineral more than any other which is con¬ 
stant in its association with the diamond. Sapphire is only 
occasionally met with in association with the Copeton diamonds, 
and zircon is a rare associate, but special characteristics distin¬ 
guish the wash from different parts of the lead. The thickness, 
the degree of coarseness, and the relative amounts of the various 
constituents, are all very variable quantities. At Soldier Hill, 
a number of sharp, angular quartzes are present in the wash, so 
that, doubtless, a reef is close to this deposit. Here 4 , also, a 
number of jasper-pebbles occur. These are grey stones, much 
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flattened and waterworn. It is evident that they have travelled 
a considerable distance, having probably been derived from 
jasperoid bands in the slate-formation. At Benson’s farm, 
better known, perhaps, as the Old Farm, the wash is unusually 
coarse, boulders up to 20 cm. in diameter being very common. 

In some places, the wash has undergone socondary change, as 
at Kirk’s Hill, and the Banca mines. Here, a very common 
feature is what is locally known as the iron-band. This is a 
layer of wash which has been cemented by the infiltration of 
iron-bearing waters. It so happened that the wash, thus altered, 
was rich in diamonds, and a considerable quantity of it has been 
profitably mined. It was found that the band was too hard to 
be crushed without risk of fracturing the diamonds. This diffi¬ 
culty was overcome by heating the material on iron.plates, care 
being taken not to raise the temperature to the combustion-point 
of the diamond. The differential expansion of the diamond and 
its host caused the stones to become freed by this method. 

The second zone of the deep lead deposits— the dr\/t— con¬ 
stitutes by far the greatest bulk of the material. The sands 
comprising this possess a grain-size of about 2 to 3 mm., and 
frequently enclose one or more subsidiary layers of wash. The 
maximum thickness observed was about 35 feet at the Bound 
Mount. Some of the grains are water worn, while others are 
angular, but there is nothing very distinctive about the main 
mass of the material. It is not found to contain diamonds in 
payable quantities, even where the gems are most abundant, 
though occasional stones have been recovered from it. 

The third zone comprising fine mud and clay—occurs only 
at a few places on this field. At Bider’s lead, the most notice¬ 
able feature is the presence of a large body of pipeclay, which 
overlies the gravels of the diamond-bearing wash. This portion 
of the lead has been worked for nearly a mile, and the bed of 
pipeclay has been found practically continuous throughout that 
distance. The clay is a soft, white material, almost pure kaolin, 
and has an average thickness of about 2 feet. Below it, lies the 
drift, and below this, again, is a bed of wash, from a few inches 
up to a foot in thickness. The whole series is covered by a con- 
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siderable thickness of alluvium, in some places as much as 50 feet 
in depth. The lead runs from south to north, and only the latter 
end is covered by basalt. 

Again, between the Star of the South Mine and Davis’ block, 
a section of the lead is to be seen, where it has been exposed by 
mining operations. In this case, a rather unusual arrangement 
occurs (8ee Text-fig.2). The pipeclay-band, which is 3 feet in 

thickness, is overlaid by a 
fine granite-sand, and rests 
on gravels, the pebbles of 
which have a diameter of 
about 4 mm. This deposit 
lies at the junction of the 
two main streams of the Ter¬ 
tiary lead, and is capped by 
basalt. 

The fourth zone mentioned 
—that comprising vegetable- 
debris - is of relatively rare 
occurrence on this field. The 
Text-fig.2.—Section of theTerti&ry Lead most typical example is that 
between the Star of the South Mine 0 f the Crown Jewel Mine, 
and Da via*' Block. Here, the vegetation, which 

has been converted into lignite, overlies the drifts, and is of con¬ 
siderable extent. A tunnel was driven through the drifts for 
more than 100 feet, and the roof of this drive was in lignite for 
the whole distance. 


> WMh ImUvi 9 Fwl 


iii. Physiography. 

In an investigation of the kind embodied in this paper, the 
two phases which are of most physiographic interest are evolu¬ 
tionary ones. The problems presented are — How has the present 
topography been developed; and what is its relation to the pre- 
Tertiary condition 1 Several elements have contributed to the 
process, and the chief of these are as follow: (1)denudation, 
(2) earth-movements, and (3) volcanic phenomena. 

If it were possible to replace, in its original position, the mass 
of material removed by the agency of denudation since the 
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basaltic period; to remove the basalts entirely; simultaneously to 
readjust, in their proper chronological order, the results due to 
earth-movements; there would then appear, in its original state, 
the topography of the pre-basaltic period. 

Mr. E. C. Andrews has given an excellent general account of 
the physiography of northern New England. He has shown 
certain stages of penepl&nation, the youngest of which has left 
its record as the Stannifer peneplain; and the physiography of 
Copeton is dominated by this feature. 

A study of the contours on the accompanying geological map 
reveals three topographical units. These are : — 

(1) . A relatively low-level area bounded, on its north and east 
sides, by the Gwydir ltiver. This is about 2,200 feet in height. 

(2) . An area of moderate relief situated north of Cope’s Creek 
and the Gwydir. This area has an altitude of about 2,800 feet. 

(3) . An area of relatively high relief situated to the east of the 
Gwydir, and to the south of Cope’s Creek. This area attains an 
altitude of as much as 3,400 feet. 

The first of these is wholly in the Oakey Creek granite-area. 
1 examined about one hundred square miles of this area, but 
failed to obtain any evidence that it had been covered by basalt. 
If such has been the case, denudation has removed all trace of 
the lavas. The channel of the Gwydir is about 200 feet below 
the general level of this area. 

The second unit presents more variety in its geological struc¬ 
ture. The basal rock is granite. Two types—the Oakey Creek 
granite and the Acid granite - are present, and these are separated 
approximately by a tributary of Copes Creek (see Plate xcii.). 
There are also masses of clay-slate included in the area, mainly 
to the east of the Auburn Yale Creek. Basalt overlies a con¬ 
siderable portion of each of these rocks. This area represents 
the denuded surface of the Stannifer peneplain. 

The third unit is composed of the Acid and Tingha granites, 
and basalt has been found only along old valleys cut in these 
structures. This area also represents part of the original Stanni* 
fer peneplain. Further data are yet required for the solution of 
the problem. These are supplied by a knowledge of the positions 
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and directions of flow of the Tertiary streams. These may be 
seen by a reference to the accompanying geological map, on 
which they are represented by thick black lines. 

As a preliminary step towards solving the problems connected 
with the pre-Tertiary stream-development, it will b*» well to con¬ 
sider the present rivers ami their origins. The chief of these 
are the Gwydir River, and its tributary, Cope’s Creek. The 
question arises, has the course of the Gwydir been determined by 
the re-opening of some Tertiary stream, or 1ms it had its direc¬ 
tion controlled by some large structural feature develoj>ed sub¬ 
sequently to the basalt-period 1 

The accompanying map shows that a pro-basaltic stream flowed 
from Oakey Creek to Copeton, in a direction approximately 
parallel to the Gwydir, but in a contrary direction. Moreover, 
the distance between the two streams is less than two miles, 
while the difference in their levels is about 100 feet. The great 
instability of such a system is opposed to the existence of the 
Gwydir as a pre-basaitic stream. Again, it would lie strange 
indeed if the basalts, which covered the Oakey Creek lead with 
a thickness of several hundreds of feet of basalt, had not filled 
the valley of the lower adjoining river. The fact that no trace 
of basalt has been found on the low-lying area to the south-west 
of the map, is also opposed to this view. It may be concluded, 
therefore, that the present Gwydir has been developed in a direc¬ 
tion quite independent of the pre-basaltic drainage system. 

If the present course of the Gwydir be regarded as post 
basaltic, its position must be due either to haphazard denudation, 
or to some definite structural feature. The presence of the 
relatively low-lying block, bordered on its north and east sides 
by the Gwydir, is the factor which serves to discriminate between 
these two explanations. It is highly improbable that the pro¬ 
cesses of denudation can have exerted such a selective influence 
on the low area lying to the south and west of the Gwydir, while 
steep escarpments rise abruptly from the other side of the river. 
The assumption of a faulted block, on the other hand, accounts 
both for the low level of the area discussed above, and also for 
the marked change of direction of the Gwydir at its junction with 
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Cope’s Creek, 'i bis explanation, moreover, implies that, at the 
period of basaltic intrusion, this block-faulted area was at a much 
higher elevation, and, consequently, more likely to have escaped 
being Hooded with lava; and it has been pointed out that no 
evidence of basalt was found on this area. 

It thus appears probable that the Qwydir is a post-basaltic 
stream, which has followed the direction of the two faults bound¬ 
ing the north-east corner of a fault-block.* 

The reconstruction of the pre-basaltic physiography, then, 
involves the elevation of the fault block into its original position. 
If we suppose this to be done, there remains only the removal of 
the basalts to restore the conditions of the pre-basaltic physio¬ 
graphy. The presence of river-gravels, and of V-shaped sections 
of basalt lying on granite-foundations, enables a large amount 
of this imaginary construction to be readily performed. 

The final result of this re¬ 
adjustment of the effects of 
natural processes transforms 
the area into a denuded pene¬ 
plain at an elevation of 3,000 
feet above sea-level. The dis¬ 
cussion on the disposition of 
the Tertiary leads indicates 
that the pre-Tertiary streams 
united to form a north-flow¬ 
ing river. This tendency of 
the pre-basaltic drainage to 
flow north is in marked con¬ 
trast to the present trend, 
Text-fig. 2a --Map showing the Tertiary which is towards the west. 

* nd ***■» rlrer-nyttemi of the Frora the j unction 0 f Au . 

Gwydir and MacIntyre »•« burn Vale Creek with Cope's 

Creek, a broad basalt-flow 
trends northwards towards the western side of the town of In¬ 
verell. For about half the distance, the flow is limited on each 
side by granite; but, near Inverell, only the eastern boundary is 
* Further evidence of faulting occurs to the west at Keera Station. 
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well marked. The level of the basalt on the western side is above 
the peneplain-surface of the granite-area. This How undoubtedly 
represents a pre-basaltic valley, which was completely obliterated 
by the lava-flows. Subsequent denudation has exposed the 
granite along the eastern side, and partly on the v estorn side 
(See Text-fig. 2a). 

As the pre-basaltic Qwydir has been traced directly into the 
southern, truncated end of this flow, there can be no doubt that 
the Qwydir originally continued in this direction. 

Moreover, it is clear that the Macintyre at Inverell has been 
redeveloped along the course of a pre-Tertiary stream from New- 
stead to Inverell. Thus it would appear that the Macintyre- 
Gwydir originally formed one stream-system, which has been 
severed by the large basalt-flow extending from Copoton to 
Inverell. 


iv. The Distribution of the Diamond-leads. 

The subject-matter of this Section will be rendered clear by 
reference to the accompanying geological map (Plate xcii.). This 
map is practically that of Mr. Anderson, published in 1887. A 
few additions and alterations, including tho contours, have l>een 
made by the author. Previous workers have held the opinion 
that the main Tertiary stream flowed west from Copeton to 
Bingara. It has been stated, in support of this hypothesis, that 
the size of the diamonds found in the river-gravels decreases 
from Copeton towards Bingara. It has been argued that the 
largest diamonds would remain nearest their source of origin, 
and the smallest would be carried farthest down stream. This 
argument is, no doubt, correct, but the converse is not, in this 
case, true. The observation of numerous aneroid readings, which 
were checked and standardised, has shown that the Tertiary lead 
on the north side of the Qwydir has not flowed towards Bingara, 
but in the opposite direction. Some other reason must, then, be 
assigned to account for the fact that the diamonds are larger at 
Copeton than at Bingara. 

The levels observed arc recorded on the sketch contour-map. 
The gaps between the remnants of the basalt-leads have been 
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examined, and the Tertiary stream-channel reconstructed as 
shown. A short description of the various places, where diamonds 
have been found, will serve to connect these, and to illustrate 
their relationships. 

The most southern claim is that known as Rider’s Lead. This 
lead heads on the present divide, between Maid’s Creek and 
Sandy Creek, at an elevation of about 2,600 feet above sea-level. 
This is near the junction of the Acid with the Tingha granite, 
but the lead itself lies chiefly within the Acid granite-area. 
Very little basalt is now present, and the greater portion of the 
lead is now concealed by alluvial deposits at a depth of about 
50 feet. The characteristic feature of this occurrence is the 
zone of pipeclay, which overlies the drift and wash. Owing to 
the neglected state of the workings, I was not able to investigate 
underground; but, from information supplied by Mr. Skippen, it 
would appear that the body of wash was not more than a few 
inches in thickness. This was overlaid by about three feet of 
rather coarse drift (containing pebbles up to 1 cm. in diameter), 
and the whole covered by two or three feet of pipeclay. The 
basalt-capped part lies three-quarters of a mile below the head of 
the lead. It is probable that, when this lower portion was over¬ 
whelmed by basalt, a lake was formed in which the fine kaolin 
from the decomposition of the felspars was deposited. There is 
no evidence that the bead of the lead was ever covered by basalt. 
Little success has attended the exploitation of the deposits 
underlying the basalt, most of the diamonds having been won 
from that part underlying the alluvial deposits. 

The minerals associated with the diamond in this lead are 
tourmaline, topaz, tinstone, jasper, and garnet. The diamonds, 
os usual, were recovered from the wash, in which they were 
irregularly distributed. Several good finds were made in small 
potholes. The stones were of better size and quality than the 
average production of the Copeton field, and numbered about 
three to the carat. Bort is also recorded from this locality. 

Following the lead north, the next place where diamonds have 
been found is at Kenzie’s claim. Here the lead has been almost 
entirely swept away by the present creek, but a small area of 
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basalt, considerably less than an acre in extent, still remains. 
The difiwovery of diamonds here is only of importance, for the 
purpose of this paper, as a piece of evidence as to the course of 
the lead. 

At Collas’ Hill, diamond-bearing drifts have l>e6n worked with 
some success. Here, the basalt has been intersected by the 
present stream-course, and 1ms exposed the Tertiary gravels on 
the side of a hill. These deposits were prospected by means of 
tunnels, driven at the level of the wash, which stands at an 
elevation of about 2,280 feet. The diamonds found here aver¬ 
aged about four to a carat, and contained a number of triangular, 
flattened crystals. 

The Streak of Luck Mine is situated on the next remnant of 
the Tertiary lead. Here the basalt has been entirely denuded, 
and the gravels lie either exposed at the surface, or buried under 
a few feet of alluvial. The level of the wash at this mine is 
about 2,250 feet. The diamonds from this locality averaged 
about four to the carat. 

The Deep Shaft Mine adjoins the lease just mentioned. The 
diamond-bearing drifts are here covered by basalt, varying in 
thickness from 50 to 130 feet. This has been one of the most 
productive mines on the field. A small tributary from the south¬ 
east joined the lead at this poiut. This has introduced, into the 
lead, boulders of clay-slate from a small area of this rock about 
half a mile distant. In places, these boulders are several feet in 
diameter, and overlie the sandy drift. The wash is normally 
about one foot in thickness, and is covered by sandy drift, the 
gr&insize of which is from 3 to 6 mm. The diamonds occur in 
the wash, and are associated with quartz, topaz, tourmaline, 
garnet, sapphire, zircon, and tinstone. The gems are found 
unevenly distributed, often occurring in clusters where concen¬ 
tration has taken place. It is recorded that 150 carats have 
been recovered from a single load of wash-dirt. It is noteworthy, 
that the diamonds won from this mine are larger than those from 
the lead above this place. The stones average three to the carat, 
and are of good quality. From 40 to 50 per cent, of the stones 
are white, rather more are a light yellow, while a few are brown 
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and green. Well developed octahedral crystals are conspicuous; 
probably 6 to 8 per cent, of the diamonds being of this nature. 

i A number of the crystals exhibit 
I , , ^ j ^ jj twinning. Pieces of bort, several 

| o | i v f - 'S carats ip weight, have also been 

*1 ! \ J found at this mine. 

I 1 / K 8 The lead next passes through 

* S Davis’ block. Here it is also 
V J I concealed by basalt, though the 

\. ¥ * Z depth of the wash from the surface 

_.-- is lessened by the fact, that a 

I v + J small stream haB removed a oon- 

/ g siderable portion of the basalt- 

t * ' ® capping. The lead, at this point, 

l % SW ^ U 8 S round from a north-east 

\ ’g and takes a north-west course. 

\ •§ At the Koh-i-noor Mine, which 

\ * + -a is situated about 150 yards be- 

mhm 4 »>amo ) y 0 nd t ^ e last.mentioned block, 

1 / | £ the basalt has been removed from 

| J a * j 2 the lead on its western side. A 

j / 5 section of the deposits (see Text- 

f 'o*+oT '*-=“ ■* fig 3) shows that the bedrock is a 

! U + ' •• o very decomposed granite. Upon 

/ m this rests a body of gravel, some 

1 A ** a Jf three feet in thickness. There is 

U i | g no prominent band of wash in 

/ | £ this, but the whole cousists of 

■ * J small quartz-grains and pebbles 

I % J about 4 mm. in diameter, which 

I f I have been derived from the de- 

*•**• / "" composition of the granite. Above 

/ * \ 1 2 this lie three feet of pipeclay of 

' £ the same nature as that noticed 

at Rider’s lead. This, again, is covered by three feet of fine 
granite-sand. The whole section has been exposed by tunnelling, 
and is overlaid by basalt. Immediately to the west of this is 
situated the redistributed, Tertiary gravels previously mentioned. 


at Rider’s lead. 



BY L. A. COTTON. 


819 


The Star of the South has been more productive than any other 
mine on this field. The bulk of the material mined was hauled 
from Skippen’s shaft, which is 90 feet in depth. The shaft was 
sunk through basalt until the underlying granite was encountered* 
The sinking was then continued into the granite, and two drives 
put in to intersect the wash, and so drain the lead. Both drives 
intersected a dyke nearly at right angles, tn one drive, the dyke 
attained a thickness of one foot, and in the other it was six inches. 
The dyke-material was decomposed to a yellow clay. Boulders of 
this clay were found in the diamond-bearing wash in association 
with the gemstones. 

Adjoining the Star of the South Mine, is Benson’s block, better 
known as the Old Farm. The lead is here covered by 60 feet of 
basalt, and a considerable amount of water was present in the 
drift and gravels. The wash was of a very coarse nature, and 
contained a great number of quartz-lxwlders up to six inches in 
diameter. Boulders of granite were also abundant. The diamonds 
recovered from this mine were similar to those found in the Star 
of the South, and averaged from three to four to the carat. This 
mine is of special interest, as here the lead terminates abruptly 
at the northern end. This disappearance of the lead is explained 
by the fact that, at this point, the Tertiary stream-channel has 
been reopened by a recent watercourse, which has removed all 
traces of the diamond-bearing gravels. The recent stream has 
its channel on the floor of a steeply sloping gully, less than one 
quarter of a mile in length, and joins Cope’s Creek at a very 
rugged spot. Beyond this, the lead must have crossed the 
present position of Cope’s Creek. About half a mile to the north¬ 
west of this point, there is a large body of gravel and wash at an 
elevation some 20 feet lower than the gravels at the Old Farm. 
There can be no doubt that this was part of the main Tertiary 
stream-channel. The gravels have been prospected by means of 
tunnels, but no diamonds were found. A tributary flowed in at 
this spot from the south-west, and recent denudation has exposed, 
in several places, the gravels deposited along its course. These 
deposits have been exploited, but without success. The course 
of the main Tertiary stream has now been traced from Rider’s 
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lead, on the south, to a spot half a mile to the north-west of 
Cope’s Creek on the north. Beyond this point, the Tertiary 
river-system is completely hidden by basalt-flows as far north as 
Inverell. 

The western lead has not yet been considered. This was a 
large tributary stream, which flowed from a spot 10 miles west 
of Copeton, and joined the main stream at the town itself. The 
course of this lead is nearly parallel to that of the Gwydir, but 
the fall is in the opposite direction. The continuity of the lead 
has been destroyed by several creeks, which have worked back 
from the Owydir. The effect of this is, that there now exist a 
number of isolated basalt-areas with a linear arrangement, yet 
separated by steeply flowing creeks. The extreme western limit 
of the lead, which has proved diamond-bearing, is at Oakey Creek. 
Here a north-flowing tributary of the Gwydir has intersected the 
east-flowing Tertiary lead, leaving the gravels exposed at the 
surface on each side of its valley. The deposits were worked by 
means of tunnels, and both diamonds and tinstone recovered 
from the wash. It was while driving a low-level tunnel in the 
granite underlying these deposits, that Messrs. Pike and O’Donnel 
met with a very remarkable occurrence. The tunnel was found 
to intersect a large body of decomposed igneous rock, and it was 
noticed that a great deal of this was found in the wash in associ¬ 
ation with that part of it which was richest in diamonds. The 
dyke-rock is a dolerite. It does not outcrop on the hill-slope, 
but is entirely covered by basalt. 

The diamonds found at Oakey Creek are rather smaller than 
the average Copeton diamonds, ranging from four to five to the 
carat. About half the stones recovered are white, and most of 
the remainder straw-coloured. Few octahedra have been found, 
and there is no record of bort having been discovered. 

The lead continues through the hill forming the watershed 
between Oakey Creek and Kirk’s Creek, and the gravels again 
outcrop on the eastern slope of this hill. Here another drive, 
known as Dodd’s tunnel, was put in to reach the wash near its 
bottom-level. This tunnel, like that at Oakey Creek, also inter¬ 
sected a dyke, boulders of which were in the adjaceut diamond¬ 
bearing wash. 
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About half a mile further cast is Kirk’s Hill. This claim is 
renowned for having produced the richest find of diamond-bear¬ 
ing wash in the district. It is reported that, from four loads of 
wash-dirt, 1,100 carats of diamonds were recovered. A number 
of large boulders were present in the wash, and these seem to 
have acted as a series of ripples in concentrating the diamonds. 
The usual associates of the diamond, topaz, tourmaline, tinstone, 
garnet, and quartz were also found here. Another decomposed 
dyke also occurs in association with these deposits. The graved 
overlie the dyke in part, and soft, yellow, decomposed boulders, 
derived from it, are present in the wash. The wash here is at 
an elevation of about feet. A notable characteristic of 
the wash at this mine is the presence of what is known as the 
14 iron-band ” This name is applied to a layer of wash cemented 
by iron oxide of a very ban! and tough character. 

Following the lead further east, the Banca Mine is reached. 
This lies on the eastern side of Kirk’s Creek, and was one of the 
earliest worked mines. Here, again, a dyke was met in one of 
the tunnels. The “ iron-band ” was also found at this mine, 
where it reached a thickness of two feet, and rested on a granite- 
floor. Tinstone was found associated with the diamonds. 

Beyond Kirk’s Hill and on the western side of the Malacca 
Creek, is another isolated area of basalt covering Tertiary gravels. 
The Malacca Mine is responsible for the exploitation of these 
deposits. The l>asalt has here been denuded so that the lead 
outcrops on both the eastern and western sides of the hill. The 
lead lies at the southern extremity of a basalt-capped hill, which 
bears north and south : it still maintains its east and west trend, 
and so outcrops on both the east and west sides of the hill. It 
has, however, narrowly escaped entire destruction, for the gravels, 
lying on its southern bank, have been exposed in several places 
on the southern slope of the hill. The distribution of the gravels 
is still mere obscured by the fact that a tributary stream joined 
the main lead from the south-west at this point. The result of 
this configuration is, that the wash outcrops at different levels at 
various parts of the hill. This is all very confusing at first, and 
the failure of the prospectors to interpret these facts has made 
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the mining of these deposits a very difficult matter. There ie 
sufficient tinstone present in the wash to make it worth while to 
recover it, when mining for diamonds. The diamonds are small, 
ranging from four to five to the carat. Bort is only rarely 
found at this mine. Here, again, another dyke was met in 
driving a tunnel into the hill from the west side. The tunnel 
was driven in a direction about north-east, and two cross-cuts 
were put in to the north-west, at a distance of 100 feet apart. 
Both these cross-cuts intersected a dyke. In the more western 
one, the dyke attained a thickness of 8 feet, but, in the eastern 
one, the thickness was only 2 feet. It is evident, from the posi¬ 
tion of this dyke, that the diamonds of the Malacca Mine lie on 
the downstream side of it. Accompanying the diamonds in the 
wash were numerous, small, bluish-coloured boulders, from 2 to 3 
inches in diame’er, derived from this dyke. 

To the east of this occurrence, the lead has been denuded by 
the Malacca Creek, which is a short, steep stream flowing south 
into the Gwydir. On the east ern side of this creek, the basalt 
is again to be found covering the Tertiary gravels. This part of 
the lead has not yielded diamonds in payable quantities, and no 
local name has yet been assigned to it. The deposit is here from 
10 to 12 feet in thickness. A band of coarse wash, containing 
quartz-boulders up to 2 inches in diameter, occurs about 3 feet 
from the granite-floor. A few clay-boulders were also noted, and 
these must have been derived from some dyke in close proximity. 
About 100 yards to the north-west in another body of drift, some 
20 feet higher than the drifts just described. This also contains 
a number of day-boulders, and may have been a tributary stream. 

To the south-east of the deposit just described, is situated the 
outcrop of gravels known as Soldier Hill. This was one of the 
earliest mines worked for diamonds. The discovery of the gems 
was first made among the sand-grains on a soldier-ants’ nest, and 
hence the name of the mine. The lead here turns to the south, 
and, beyond the south end of Soldier Hill, has been entirely de¬ 
nuded. Both diamonds and tinstone have been recovered from 
the wash. The stones recovered average from 3 to 4 to the carat. 
In this mine, besides the wash on the granite-floor, a top seam was 
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also found to be diamond-bearing. A little free gold has been 
found in this deposit. 

The bottom layer of wash is made up of granite-boulders, from 
2 to 4 inches in diameter. These range from subangular to per¬ 
fectly waterworn, ellipsoidal stones. This band also contains 
quartz and tourmaline pebbles, and is about one foot in thickness. 
About one foot above this band, are a number of waterworn 
pebbles, decomposed to a soft bluish clay. These are mostly about 
an inch in diameter, but occasionally are of larger size. 

Another occurrence of considerable interest is that known as the 
Round Mount. This is, as the name implies, a small, round hill, 
possessing a capping of basalt from 10 to 20 feet in thickness, and 
a series of river-gravels about 25 feet in depth. These gravels are 
isolated, and their position has given rise to much speculation. 
There is a ridge of granite separating them from the deposits 
at the Deep Shaft and the Streak of Luck. The internal evidence, 
as deduced from the slope of the bottom of the gravels from tbe 
edge to tbe centre of the channel, and also from tbe arrangement 
of the pebbles, indicates that the direction of the stream was from 
west to east at this point. On the northern side, and at a distance 
of about 100 yards, is another patch of river-gravels, also capped 
by basalt. The basalt is continuous between the two outcrops of 
gravel. At this place, the direction of the stream is to tbe south¬ 
east. The wash consists chiefly of quartz-pebbles from 4 mm. up 
to 4 cm. in diameter, with tourmaline, topaz, and garnet. A num¬ 
ber of bluish boulders, from 2 cm. up to 20 cm. in length, re¬ 
sembling those of Soldier Hill, are also present. The isolated 
position of the Round Mount, and the fact that its river-gravels 
are at the same level as those of the Deep Shaft, have rendered 
the problem of determining the relation of the Round Mount, to 
the main Tertiary stream, a difficult one. The solution of the 
problem is to be found from the following facts. The trend of 
the lead at Soldier Hill is in a southerly direction, and, between 
this place and the Round Mount, occur the redistributed river- 
gravels at the football-ground. Again, the small patch of gravels, 
to the north of the Round Mount, is in the line of these occur- 
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rences. Moreover, the level of the gravels, at the Bound Mount, is 
lower than that of the Soldier Hill deposits. It has also been 
pointed out that another mass of redistributed gravels occurs at 
the Koh-i-noor Mine, which lies between the Round Mount and the 
Star of the South Mine. There can, then, be little doubt that the 
part of the lead, flowing from Oakey Creek, continued through the 
Round Mount, and joined the main stream at a point between the • 
Deep Shaft, and the Star of the South Mine. The position of the 
surface-gravels at the Sandy block, just west of the Round Mount, 
is doubtless due to the presence of a tributary joining the Oakey 
Creek branch at the Round Mount. 

In addition to the occurrences just described, which have now 
been linked up into a continuous river-system, there are a few 
isolated patches of gravels which deserve a short description. 

The Lone Star is the name given to a mine, which comprises two 
small basalt-capped hills overlying the granite and slate junction 
to the north of Cope’s Creek. The gravels here underlie the 
basalt, but are at an elevation of 2,380 feet, which is consider¬ 
ably above that of the Tertiary system previously described. The 
lead at this point trends in a north-westerly direction. Mining is 
carried on chiefly for tinstone, but a few diamonds are almost 
invariably found in each washing. At about three miles to the 
north-west, another outcrop of gravels was noted; it is probable 
that these all belong to the same stream-course, and that this was 
a tributary to the main Copeton lead, which flowed north after 
crossing the present position of Cope’s Creek. The general fall 
of the country was in this direction, as the Tertiary lead at In- 
verell is at an elevation of about 1,700 feet, and the level at 
Gragin, still further to the north-west, is about 1,400 feet 

Another isolated area of diamond-bearing gravels, is that situ¬ 
ated at Staggy Creek, about 7 or 8 miles to the north-west of the 
Oakey Creek occurrence. The gravels are exposed at the surface, 
and no basalt is present. The deposit consists, for the greater 
part, of quartx-pebbles and boulders, ranging from 5 mm. to 20 
cm. in diameter. A relatively large amount of tourmaline is pre¬ 
sent, and many of the larger quartz-boulders contain pencil-tour- 
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raaline. Topaz and jasper are also to be found, and garnet is 
invariably present where the gravels are diamond-bearing. An 
iron-band, similar to that at Kirk's Hill and the Banca, was also 
noted. The whole diamond-bearing area is some 300 yards in 
length, and rather less than 100 yards in breadth. Bs general 
direction is south-west. The gravels rest on a granite-surface, 
except at a spot near the centre of the area. Here, a small doler- 
ite-neck, which is 60 yards long, by 10 to 15 yards wide, outcrops 
at the surface. The diamonds recovered were largest and most 
abundant in the vicinity of this neck. There are two shafts in the 
neck; and the dolerite has been examined, but no diamonds have 
been found in it. The deepest is 70 feet in depth, and the other 
is 30 feet deep. The dolerite was soft and decomposed for a con¬ 
siderable depth, but was hard and fairly fresh at the bottom of 
the deep shaft. Gold was found in washing for the diamonds, hut 
only large flakes were recovered, as the method of diamond-wash¬ 
ing eduld not save pieces less than 15 mm. in largest diameter. 
About 10,000 carats of diamonds are reported to have been won 
from this locality. 

v. Geology. 

The geological features of the district include 

(1) A series of clay-slates. 

(2) A series of granites. 

(3) Several basalt-flows. 

(4) A number of basic dykes. 

The clay-slates are the oldest rocks in this area. These have 
been mentioned in a former paper(3) on the district, and are not 
important from the point of view of this publication. The granites 
have been classified, in the same paper, into three types, the Acid 
granite, the Tingha granite, and the Oakey Creek granite. The 
granite which occurs at Copeton itself is intermediate in character 
to the first and second types, and was included, in the paper 
quoted, with the Tingha granite. A closer examination, however, 
has indicated that it is perhaps better classed with the Acid type. 
It is intermediate in chemical composition to the above types, re¬ 
sembling the Acid type more in chemical composition, and the 
Tingha type in physical characters. 
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The Acid granite has been shown to be intimately associated 
with the tin-deposits of the New England plateau. It is a coarse¬ 
grained granite, containing quartz-grains from 2 to 5 mm. in dia 
meter, and tabular crystals of pink orthoclase up to as much as 
15 cm. in length. A small amount of biotite is usually present, 
and the rock is not infrequently tourmaline-bearing. It thus has 
close affinities with the Alaskite of Spun*. The whole Terti¬ 
ary system of diamond-bearing gravels at Copeton has this rock 
as its channel-base, with the exception of that part between the 
Oakey Creek and the Malacca mines, which rests upon the 
Oakey Creek granite. It is worthy of note that the portions of 
the Copeton leads which are diamond-bearing are nowhere far 
distant from the junction of the Acid granite with some other for¬ 
mation, of a greater geological age. 

The Tingha granite has been shown to be older than the Acid 
granite. It is a hornblende-biotite type, containing tabular pheno- 
crysts of plagioclase-felspar. It occurs only at the south-east 
portion of the area now under consideration. Text-fig. 3 shows 
the relationships of the series of rocks from Staggy Creek to 
Rider's Lead. 

The Oakey Creek granite has been further investigated since it 
was last described, and has been found unique in the nature of its 
inclusions. The granite itself is very coarse, containing pheno- 
crysts of plagioclase up to three inches in length. It is intersected 
by numerous tourmaline-bearing veins, in which this mineral 
occurs in long pencils up to three inches in length. The most 
striking feature, however, is the presence of a great number of 
inclusions. These are uniformly of one type, and consist of 
masses of dark-coloured rock containing phenocrysts of felspar 
similar to those in the granite. The inclusions are frequently more 
than a foot b diameter, and range in size down to small masses 
only an inch across. The shape of these is very variable. Some 
are spherical, others ellipsoidal, while others, again, are subangu- 
lar. In all cases, the contact of these bodies with the granite is 
fairly sharp and well defined. The inclusions possess a dark base, 
consisting chiefly of biotite and quartz, in wbich are set pheno- 
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crysts of felspar and quartz. The felspars normally show signs of 
corrosion, and may be subangular or even ellipsoidal. A large 
inclusion, showing corroded I 


felspars, is represented in 
Plate xc., fig.l. 

It is of interest to note 
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that inclusions of an identi¬ 
cal nature exist in the Acid 
granite at the Dutchman 
tin-lode, near Torington. 
This is about 70 miles to 
the north-east of the Cope- 
ton occurrence. As no such 
inclusions have been found 
in the Tingha granite, it is 
probable that the Oakey 
Creekjjranite is more closely 
related to the Acid granite 
than to this more basic type. 
As its morphological affini¬ 
ties, however, are more re¬ 
lated to those of the Tingha 
granite, it is probably inter¬ 
mediate to these two types. 

Dyken.~ A number of 
felsite-dykes occur in the 
Copeton area, and these 
intersect both the Oakey 
Creek and Acid granites. 



None of these have yet been 
proved to be diamond-bear¬ 
ing, but some of them occur 
in positions which suggest 
that they may, at least, be 


km 
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Text-fig.4.—Plan of the dolerite-dyke at 
Oakey Creek showing the spot (marked 
by a circle) where the diamond was 
found in matrix. 


regarded as possible sources of diamond-supply. In addition to 


these, there are two intrusions of dolerite known in the Oakey 
Creek granite, and both of these are undoubtedly intimately asso- 
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dated with diamond-bearing gravels. These have been mentioned 
in connection with the Tertiary deposits at Oakey and Staggy 
Creeks. A petrological description of the rocks, and an analysis 
from each locality, are given under the section on Petrology. It is 
evident that the rocks are very similar in chemical and physical 
characters. The analyses show that they differ considerably, in 
chemical composition, from the peridotite of the South African 
mines. The Oakey Creek occurrence (Plate xci., fig. 1) deserves 
special mention. The plan (Text-fig. 4) illustrates the position 



Text-fig.6.—Section illustrating the dolerite-dyke at Oakey Creek. 

and known extent of the dolerite-mass at Oakey Creek. The section 
(Text-fig. 5) shows the relationships of the dyke, granite, river- 
gravels, and basalt. The linear development and the plane slicken- 
sided wall, showing in one of the drives, enable the mass to be 
classed as a dyke. It is 26 feet wide in the main drive, and is a 
considerable width at a distance of 500 feet to the south of this 
drive. The width here cannot yet be determined, as the open cut 
has disclosed only one boundary of the dyke-mass. There is very 
clear evidence that this dyke was older than the river gravels 
overlying it, as an exposure in the easterly drive shows the contact 
of these. Moreover, decomposed boulders of the dyke-mass are 
abundant in the river-gravels. 

The dyke intrudes the Oakey Creek granite, and the junction is 
sharp and well defined. Though there is no marginal differentia- 



BY L. A. COTTON. 


829 


tion in the dolerite, it is common to find in it fragments of quartz, 
which have undoubtedly been derived from the granite. The micro¬ 
scopic examination reveals the presence of a very small amount of 
free quartz, but this appears to have crystallised from solution, 
and not to be of an included nature. 

The small neck at Staggy Creek, is composed of practically the 
same rock. As the localities are distant about four miles, it is 
probable that the magma, from which the rocks were formed, was 
of some considerable extent. This neck also intrudes the granite- 
mass, and no sedimentary rocks occur within some 4 or 5 miles of 
either occurrence. It must be rioted that, in each case, diamond- 
bearing river-gravels of later age have been found overlying the 
dolerite-masses. 

Not only is this so, but, in the case of one of these, it lias been 
amply demonstrated that a diamond was found fast embedded 
in the dolerite-matrix. The specimen lias been preserved, and 
has been shown to many eminent geologists by Prof. T. W. E. 
David, who writes* as follows: -“At the meeting of the British 
Association at York, England, as well as that of the Inter¬ 
national Geological Congress of Mexico last September, this speci¬ 
men was most critically examined by the chief scientific authori¬ 
ties on diamonds in the world, and all were satisfied as to the 
absolute genuineness of the discovery, and considered it of the 
highest possible scientific interest.” A second diamond was also 
exhibited with the one embedded in matrix. This was stated to 
have been found free in the heap of decomposed dolerite. It 
was agreed, by scientific observers, that this was even better 
evidence of the genuineness of the discovery, from the fact that 
the diamond was pitted, and that the pits were filled with finely 
crystallised dolerite, evidently in *itu. 

Having examined both the above-mentioned specimens, and 
the spot where they were found, I also feel quite convinced of 
the genuineness of the discovery. 

Active interest was aroused in 1912, and about 100 tons of 
the dolerite were mined and exposed to the weather. Shortly 

•Prof.’T. W. K. David, Sydney Morning Herald, 19th and 26th Jan¬ 
uary, 1907. 
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before my visit, in January, 1913, some nine tons of this were 
screened and washed. Two diamonds were shown to me, which 
were reported to have been recovered from this test. About 
three tons more were washed in my presence, but no diamonds 
were recovered. 

It thus appears that, quite apart from the fact that diamonds 
have been found in the dolerite, the evidence points to the dykes 
as the probable source of the diamond-supply. From the great 
variety, both in size and character, of the diamonds from different 
parts of the leads, it is probable that the diamonds have been 
derived from a great number of such dykes or necks. These are, 
probably, like the Oakey Creek occurrence, still hidden by the 
recent basalt-flows. 

vi. Petrology. 

The Oakey Creek Granite. 

Crystallinity: holocrystalline. 

Grain size: relative , porphyritic; absolute , smaller crystals from 
3 to 6 mm.; phenocrysts up to 8 cm. 

Fabric granitoid; also graphic intergrowth of quartz and 
orthoclase in some instances. 

Minerals in order of decreasing abundance: quartz, orthoclase, 
albito, biotite, microcline, muscovite, magnetite, apatite, and 
fluorite. 

Secondary minerals : kaolin and chlorite. 

The felspars have crystallised out in two generations; the 
older ones are idiomorphic, zoned, and fairly free from decom¬ 
position, while the opposite characteristics mark the later felspars. 
These remarks apply to both the orthoclase and the albite. The 
biotite is a dark variety, its pleochroism varying from yellowish- 
brown to very dark brown. 

A small amount of microcline is present in subidiomorphic 
crystals. 

The muscovite is rather rare, and is mostly included in the 
orthoclase. It oppears to have been corroded by the magma 
subsequently to its complete crystallisation. 

The apatite possesses its characteristic, prismatic habit. 

One or two very small allotriomorphic grains of fluorite were 
observed in one slide of this rock. 
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Quartz-dolerite . Loc .—Oakey Creek. 

Crystallinity: holocrystalline. 

Grain size : evengrained, the typical crystals varying from 2 to 
6 mm. 

Fabric: a network of plagioclase felspars with subordinate 
augite. The interstitial material is a brown chlorite, with a few 
decomposed biotite crystals. 

The chief minerals, in descending order of abundance, are 
oligoclase, labradorite, augite, chlorite, magnetite, biotite, and 
quartz. 

A little secondary hornblende is present, and the felspars, 
though fairly fresh, on the whole, show some signs of kaolinisation 
along some of the major cleavage-cracks. The felspars vary from 
oligoclase to ba^jc plagioclase. The most basic felspar-crystals, 
as determined by the method of Michel Levy, are labradorites 
of the composition Ab 2 An s . Many of the crystals are strongly 
zoned, and the different zones vary widely in composition. The 
outer edge is often oligoclase, and the central area anorthite. 
The augite, which is very fresh, is an almost colourless variety, 
with a faint colour suggesting that it is titanium-bearing. It is 
intermediate in composition between diopside and true augite. 

The most interesting, and, at the same time, most puzzling 
feature, is the presence of the brown, chloritic, interstitial 
material, and also idiomorphic quartz-crystals The chlorite is 
often arranged in a manner which suggests that it has been 
derived from an augite, which was originally involved in an 
ophitic structure with the plagioclase. The structure has been 
variously interpreted by different observers. Professor Bonney 
and Professor David have suggested that the chlorite is a second¬ 
ary product derived from a primary hornblende. Dr. A. Thomp¬ 
son has considered its derivation from augite unlikely, because 
of the freshness of the augite associated with the felspar in the 
rock. He has suggested that the chlorite may represent a 
devitrified glass. 

There is, however, a constant association of idiomorphic quartz- 
crystals with the chlorite, which has not, so far, been recorded. 
In Plate xci., fig.3, this arrangement may be seen. The small, 
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clear, hexagonal crystal, in the darker mass surrounding it, is a 
quartz-crystal in chlorite. This structure occurs only on a small 
scale, but it is very characteristic of the whole rock. In places, 
the quartz has been partly resorbed, and the chlorite-fibres 
penetrate into it. Again, it is not uncommon to find a modified 
graphic intergrowth of chlorite and quartz. From this, it would 
seem that the quartz crystallised rather before the chlorite, on 
the whole, but that, in certain parts, the crystallisation was 
simultaneous. 

These relations of the quartz and chlorite seem opposed to the 
derivation of these minerals from a primary mineral, such as 
hornblende or augite, or even from a glassy base. On the other 
hand, much of the magnetite and ilraenite appears to be of a 
secondary nature. The opaque crystals are, in ^places, moulded 
about the felspars and the augite. A considerable amount of 
the iron-ores appears to be associated with the chloritic material. 

A number of acicular crystals are present, which are idio* 
morphic to the felspar. These appear to be tremolite. They do 
not appear to bear any definite relation to the chloritic material. 

Leucoxene is present, bordering the ilmenite. 

Quarlz-dolerite. Loo .—Staggy Creek. 

Crystallinity: holocrystalline. 

Grainaize : relatively evengrained, the normal crystals varying 
from 2 to 5 mm. in diameter. 

Fabric: a network of plagioclase felspars, with grains of nearly 
colourless augite. The augite is very subordinate in amount, 
being distinctly less abundant than in the Oakey Creek dolerite. 
There also occurs a considerable amount of interstitial chlorite, 
as in the Oakey Creek dolerite. 

The chief minerals, in descending order of abundance, are 
oligoclase, labradorite, augite, chlorite, ilmenite, magnetite, 
quartz, and biotite. 

The felspars are very similar to those of the Oakey Creek 
dolerite, but the sample was not so fresh in this rock, and the 
felspars, consequently, are more kaolinised. The most basic 
felspar observed was labradorite of the composition AbjAn,, and, 
the most acid, an albite-oligoclase. Zoning occurs in the felspars, 
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the composition of the zones varying from albite-oligoclase at the 
margin, to basic plagioclase in the centre of the crystals. 

The augite, which is slightly more coloured than that of the 
Oakey Creek dolerite, is much less abundant than in that rock. 
The grains, moreover, are much smaller in size. 

The chlorite, which is also less abundant than in the Oakey 
Creek dolerite, has the same characteristic relation to the felspars, 
and, moreover, the same strange property of including idiomorphic 
quartz-crystals. These quartz-crystals are, however, less abundant 
in this rock. The same problem as to the origin of the chlorite, 
therefore; exists. 

Ilmenite is more abundant than in the Oakey Creek dolerite, 
as also is leucoxene. 

Analysks and Molkcvlar Ratios. 

i. Oakey Creek quartz-dolerite. 

ii. Staggy Creek quartz-dolerite. 

Ui. Hard rook (blue ground) Do Beer’s Mine, Kimberley. 

' iA. Molecular ratios of i. 
ii A. Molecular ratios of ii. 




ii. 

Ui. 

iA. 

ii A. 

8iO,. 

50*43 

51*16 

49 50 

841 

853 

A1.0.. 

14 72 

17*98 

18*40 

144 

176 

Fe,0 # . . 

2 90 

285 


18 

18 

FeO. 

4-59 

4 09 

j 1310 

64 

57 

MgO. 

6-67 

4 10 

525 

167 

102 

CaO. 

7 13 

7*30 

2 24 

128 

130 

Na t O. 

2*47 

392 

4*65 

40 

63 

K t O. 

1 23 

161 

1*48 

13 

17 

H.O- . 

3*49 

251 

| 

193 

139 

H,0+ . 

382 

2*32 

\ 5*23 

212 

129 

CO, . 

I 67 
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Norm of the Oakey Creek quartz-dolerite. 
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Both the microscopical examination and the analyses of the 
Oakey Creek and Staggy Creek rocks indicate their close relation¬ 
ship. The association of each of them with diamonds in Tertiary 
river-gravels is another harmonic relation. In view of the 
evidence for the occurrence of diamonds in the Oakey Creek 
dolerite, there can be little doubt that the Staggy Creek rock is 
also diamond-bearing. 

The diamonds in South Africa seem to be found associated 
with a more basic rock—a peridotite in which the silica-per¬ 
centage is often below 40%, and the percentage of magnesia 
above 25 %. There cannot, therefore, be said to be a close 
relationship between the South African peridotites and the 
Copeton dolerite*. 
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It is interesting to note, however, that rocks very similar to 
the Copeton dolerites have been found in the peridotite-necks of 
South Africa. 

Analysis numbered iii., is of a “hard rock” from the blue 
ground of De Beer’s mine at Kimberley. This rock closely 
resembles the Staggy Creek dolerite, the chief difference being 
that the South African rock possesses about 6 % more of the 
iron oxides, and about 5 % less lime than the New South Wales 
variety. 

In addition to this rock, I have examined microscopically an 
olivine-dolerite stated to be from the Kimberley pipe, which, 
apart from its relatively small percentage of olivine and absence 
of quartz, is not unlike the Oakey Creek dolerite. 

Although these two South African rocks do not appear to repre¬ 
sent the type-rocks of the South African diamond-bearing necks, 
it is interesting to note that they do occur associated with the 
diamond-deposits. 

vii. Summary. 

The first discovery of diamonds in the Copeton district was 
made in 1872 or 1873, simultaneously with the discovery of tin¬ 
stone in the district. The diamonds were first found in alluvial 
workings, but these had been derived from the denudation of 
basalt-capped leads. These leads are probably of late Tertiary 
age. The physiographic investigation shows that the present 
drainage-system of the district trends to the west, hut the pre- 
basaltic drainage was in a northerly direction. The original 
course of the Owydir was northwards from Copeton to Inverell, 
and it then received the Macintyre as a tributary stream. The 
present course of the Gwydir has followed the eastern and 
northern edges of a block-fault. The western boundary of this 
block-fault has been examined by W. N. Benson, and we have 
agreed to name the sunken area u Keera,” from a Station of that 
name situated in the area of subsidence. The basalts and river- 
gravels (which are after Anderson) shown on the accompanying 
map, illustrate the Tertiary river-system in its relation to the 
present-day drainage. 
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The material filling the beds of the Tertiary stream-channels 
is grouped under four heads: (l)the wash; (2)the drifts; (3)clay- 
deposits; (4)lignite. There is no locality in which all four are 
developed, and, as a rule, only the first two are present. The 
wash is the term applied to the coarser bands of material. This 
has usually collected on the base of the stream-channel, and 
contains the heavier minerals. Consequently, it is essentially 
the diamond-bearing stratum of the deposit. The wash seldom 
exceeds one foot in thickness. The drifts are aggregates of loose 
and rather fine, sandy material, usually stained red from the leach- 
iug of iron oxide from the overlying basalt. These deposits attain, 
in several places, a thickness of 20-25 feet. The clay-deposits 
consist of kaolin derived from the decomposition of the felspars 
in the granite, and have been deposited under lacustrine con¬ 
ditions. Lignite occurs rarely, and overlies the drifts. It does 
not appear to have been much affected by the overlying basalt. 

The geology of the district is represented on the accompanying 
map. It will be seen that there are present (l)slates; (2)granite; 
(3)dykes; (4) basalt. 

The slates cover a small area, and are unimportant in connec¬ 
tion with this paper. The granite is represented by three types 
—the Acid, Tingha, and Oakey Creek granites. The first is the 
younger, and the last is probably intermediate in age to the first 
two types. The dykes are of two varieties — (a) fine-grained 
felsites; (6)dolerites. These dykes have intruded the granites, 
but are older than the basalts and the basalt-capped leads. 

The basalts are the youngest rocks in the district. These 
overlie the Tertiary gravels, and obviously cannot have been a 
source of diamond-supply. It is also shown that it is highly 
improbable that the diamonds can have been derived from either 
the slate or the granites. This points to the dykes as the pro¬ 
bable origin of the diamond-supply. 

This “ proof by exhaustion ” evidence in favour of the dyke- 
material as the diamond-matrix has been confirmed by the dis¬ 
covery of a diamond in the dolerite-dyke at Oakey Creek. A 
Tertiary stream-channel has crossed this dyke, and diamonds 
were found in the gravels adjacent to the dyke on the down- 
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stream side of it. A similar dyke, or small neck, of an almost 
identical rock was found at Staggy Creek, some 4 miles north¬ 
west of this occurrence. In this case, also, diamonds were found 
in the gravels overlying the dolerite-mass. The occurrence of 
two such masses of dolerite, associated with the diamond in thiB 
area, gives strong grounds for supposing that the whole of the 
diamonds of the Copeton field have been derived from similar 
sources. The two known dolerite-masses are so situated that 
they cannot have supplied more than a portion of the Tertiary 
deposits. 

It is probable that most of the sources of supply of the 
diamonds are now concealed by the later basalt-flows, in the same 
way as the Oakey Creek occurrence. 

In conclusion, I take the opportunity of here thanking those 
who have assisted me in this work. To the miners of Copeton, 
and preeminently to Mr. A. K. Pike, my best thanks are due 
for kind assistance in field-work. 1 am also indebted to Pro¬ 
fessor David, for help and encouragement during the preparation 
of this paper; and to Mr. A. Pain, for some assistance in rock- 
analysis. 
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EXPLANATION OF PLATES XC.-XCII. 

Plate xc. 

Fig. 1.— Inclusion in the Oakey Creek granite, near its junction with 
Cope’s Creek, showing large phenocrysts of felspar set in a ground- 
mass of felspar and biotite. 

Fig.2.—View of Copeton from Soldier Hill, looking east. The foot-hills 
in the distance mark the trend of the Tertiary lead from the Deep 
Shaft to the Old Farm. 

Plate xci. 

Fig. 1.—Oakey Creek, showing the mouth of the tunnel in which a diamond 
was found in the matrix. 

Fig.2.—The bed of Cope’s Creek, near its junction with the Gwydir, show¬ 
ing remarkable triangular depressions left after a small flood. 

Fig.3.—The Oakey (’reek dolerite, showing felspars, augite, ilmenite, and 
chlorite. Note the small hexagonal section of quartz embedded in 
chlorite. 

Plate xcii. 

Geological Map showing the Tertiary Loads of the Copeton Diamond- 

field. 
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With Plate LXII, and Three Text-figures 

[Read before the Royal Society of N. 8. Wales, December 1, 191 ft .] 

The problems relating to the strength of the earth’s crust 
present an attractive field of investigation alike to the 
mathematician, the physicist and the geologist. Such 
investigators as Fisher, Darwin and Love have given atten¬ 
tion to the mathematical aspects of the question. In the 
realm of physics such men as Airy, Hecker and Hayford 
have respectively examined the problems from the stand¬ 
points of astronomy, seismology and geodesy. Among 
geologists, such names as Gilbert, Chamberlin and Barrell 
are associated with these problems. 

In this communication it is desired to present a brief 
preliminary account of a new experimental line of investi¬ 
gation in this branch of science. 

The State Government of New South Wales have under¬ 
taken a large irrigation scheme, 1 the reservoir for which 
is being constructed on the Murrumbidgoe River at Burrin- 
juck. The dam is to have a maximum height of 236 feet, 
and the water to be stored is estimated at 33,000,000,000 
cubic feet, a greater volume than the water contained in 
Sydney Harbour. The impounding of such a large'mass of 
water, having such a great depth, will impose a certain 
strain on the earth’s crust. 

1 For a brief account of this work Bee Handbook for New South Wales, 
published for members of the British Association for the Advancement 
of Science, 1914, pages 146, 147 
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The opportunity which this engineering work offers for 
the investigation of the strength of the earth’s crust was 
first realised by Dr. W. G. Woolnough, who was then a 
lecturer in Geology at the University of Sydney. He 
suggested that some suitable instrument be installed at 
the reservoir in order to ascertain whether any deflection 
of the earth’s crust would take place under the water load; 
and he undertook to carry out the investigation. The 
Australasian Association for the Advancement of Science 
granted financial assistance to further the project. The 
subsequent appointment of Dr. Woolnough to the Ohair of 
Geology at Perth, rendered it impossible for him to proceed 
with the work. Some time later, the Kev. Father Pigot, s.j., 
suggested to Professor David that certain pendulums which 
he had seen during a visit to Europe would be suitable for 
the investigation, and it was decided to write to Geheimrat 
Helmert requesting the loan of these valuable instruments. 
Helmert with the co-operation of Hecker and Wolf most 
generously arranged to lend three instruments for this 
investigation, which was planned to extend over a period 
of three years. The pendulums were shipped to the care 
of Professor David free of charge, and were received a few 
months before the outbreak of war. It is a matter for the 
most profound regret that the spirit *»f universal scientific 
brotherhood so well exemplified by this most generous loan 
has since been so conspicuously absent from the counsels 
of the German Government. 

Two of the pendulums lent were used by Hecker (Pots¬ 
dam) and Schweydar (Heidelberg) in their classical investi¬ 
gations on the earth tides. These instruments are of the 
Rebeur-Hhlert type. The third pendulum was constructed 
to Hecker’s design and is of the Zollner suspension type. 

The care of these valuable instruments brought with it 
a high degree of responsibility for their safe housing and 
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proper installation. It was decided that if possible they 
should be placed in tunnels in the steep hillsides as close 
as practicable to the high water level of the Burrinjuck 
reservoir. The steep slope of the hills (about 30°) would 
enable the instruments to be established at a sufficient 
depth from the surface to minimise or eliminate the effect 
of surface temperature changes. The State Government 
generously granted the aid necessary to the preparation of 
these tunnels. The greatest thanks are due to the late 
Commissioner for Irrigation, Mr. L. A. B. Wade, for his 
personal interest and help in connection with this work, 
and also to Mr. Dare, the present Acting Commissioner, at 
that time Chief Engineer to the Irrigation Commission. 
The tunnels were driven under the supervision of the 
resident engineer at Burrinjuck, Mr. D. P. Campbell. This 
gentleman has rendered the most invaluable service both 
in connection with the installation and the subsequent 
maintenance of the instruments. It is due to his enthusi¬ 
astic devotion and interest, that in spite of many difficulties, 
the records of the present year have yielded such satis¬ 
factory results. Thanks are also due to Mr. Goodwin for 
his valuable services in changing the records. 

The selection of the sites for the tunnels and the instal¬ 
lation of the instruments were carried out jointly by Pro¬ 
fessor David, Father Pigot, Mr. D. F. Campbell and the 
writer. The sites chosen are shown on the accompanying 
map (Plate LXII). The tunnels are placed from twenty 
to forty feet above high water level and are from sixty to 
eighty feet in length. Each tunnel is divided transversely 
into three compartments. The pendulums are housed in 
the compartment remote from the entrance, the lamp and 
photographic recording apparatus in the centre compart¬ 
ment, while the outer compartment serves as a storage 
room for accessories and as an additional protection to the 
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photographic records 1 in the centre chamber. This three¬ 
fold division also minimises the risk of air temperature 
changes affecting the instruments during visits necessary 
for changing the records. 

Both the pendulums and the recording apparatus are 
mounted on solid concrete piers and arc roofed over to 
afford a protection against water seepage and small falls 
of eartlu 

The recording apparatus 2 for two of the instruments had 
to be made in Sydney and the expenditure which this work 
necessitated was met by a further grant from the Austral¬ 
asian Association for the Advancement of Science. A full 
account of the instruments and their installation will be 
given in a later paper. 

The first of the instruments (the lleidelburg pendulum 
established at Dale’s Tunnel), was installed by Father Pigot 
in May 1911, and all three instruments were recording in 
October of that year. The records, however, have only 
been yielding satisfactory results since February 1915. 
Although the records obtained since that date are not 
sufficiently extensive to be used as a basis for a quantitative 
investigation, there are certain results of a qualitative 
nature which are of extreme interest to both geologists 
and geodesists. As it is proposed to continue the observa¬ 
tions for a further period of two years before attempting a 
quantitative statement, the writer was requested to make 
such a preliminary statement as is now possible for the 
information of those who are interested in this research. 

As a preliminary step towards the investigation it would 
clearly have been desirable to ascertain as far as possible, 

1 Harrington's Limited are providing the photographic 1 materials, and 
are kindly giving special attention to eiiburo the greatest possible speed 
for the paper. 

• This recording apparatus was made by J. Oruikshank, Scientific 
Instrument Maker, No. U Nicholson-stroet, \Vouloomooloo. 
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the normal stability of tho earth's crust at Burrinjuck. 
There are two methods of attacking this problem. 

The first is by obtaining a set of standard readings with 
the pendulums before any water load is imposed on the area. 

The second method is to apply geological tests as to the 
stability of the earth’s crust. 

It has unfortunately not been possible to rigidly carry 
out the preliminary investigation by tho first method. 
Owing, however, to a period of drought, and to the neces¬ 
sarily slow growth of the dam, the water load had not 
exceeded about one-sixteeuth of the total load before the 
instruments were established. Moreover this load was 
maintained fairly constantly for about nine months since 
the first records were obtained. It is hoped that when the 
results are worked out, that this period will provide a 
sufficient test of the normal stability of the earth’s crust 
in this area. 

The second method will be investigated fully in a later 
paper but may be briefly outlined here. 

A consideration of the topography and structural geology 
of the district is necessary for the solution of the problem. 
The Burrinjuck area is situated on a block faulted tableland, 
which is deeply entrenched by the Murrumbidgee at 
Burrinjuck. The rocks at Burrinjuck are of Devonian age, 
are strongly folded, and consist of slates and limestones 
into which are intruded granite, porphyriteand basalt. An 
accountof the broad geological features of the reservoir area 
has been given by Harper. 1 The faultiug is comparatively 
recent, and slight earthquakes have from time to time been 
felt in the south-eastern part of New South Wales. The 
most marked of these of recent years occurred in the Ooorna 

1 L. F. Harper. The Geology of the Mimumbidgee District near Taas. 
Record* Geological Survey New South Wales, VoL ix, part 1. 
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and 13ega area, on 18th January, 1912, at 6 # 9 a.m. This 
earthquake was felt over an area having a diameter of about 
100 miles, and was recorded at the Riverview Observatory. 
These earthquakes indicate that crustal equilibrium has 
not yet been attained in this area. 

The Records* 

The records of each instrument from 22nd February 1915 
to the 19th October of the same year are represented 
graphically in the accompanying diagrams. The water 
level is represented in each case by a curve, the ordinates of 
which are proportional to the actual water levels recorded 
at the dam. 

In the case of each pendulum boom the ordinates are 
proportional to the actual displacements of the booms as 
recorded on the photographic records. The actual deflec¬ 
tions of the vertical for each instrument for the period 
commencing 22nd February and ending 21st October 1915 
are represented on the accompanying map (Plate IjXII). 

In the case of the No. 1 Pendulum (the Heidelberg pen¬ 
dulum established at Dale’s tunnel), there was relatively 
little movement of the booms while the water level was 
slowly sinking, but both booms manifested considerable 
activity when the water load was increased. The sense 
of the movement is in the direction represented by an arrow 
on the accompanying map. 

In the case of No. 2 Pendulum (the Strassburg Zdllner- 
suspension instrument, established at the Weighbridge 
tunnel) the deflections of the vertical are also represented 
on the map. The variations in the water level, however, 
do not exert any marked corresponding influence on the 
movements of the booms. This instrument is situated near 
the dam, and is therefore subjected to the maximum stress 
so far as depth of water is concerned; and hence a small 
rise or fall of the water level would represent only a 
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relatively small fraction of the total water load. The 
variations in water level might thus be expected to affect 
the booms less than in the case of either of the other 
pendulums. 

In the case of No. 3 Pendulum (the Potsdam Pendulum 
established at the River Tunnel), both booms are deflected 
in a most marked manner. Xu tins case also the amount 
and direction of the deflection of the vertical is represented 
on the map. This pendulum is twelve miles above the dam, 
and the water load is not great, being represented by a 
depth of about twenty-two feet of water at the commence¬ 
ment of the records. Small variations In the water level 
therefore represent large relative changes in the stresses 
imposed. This is consistent with the nature of the curves. 

Thus in the case of each instrument there is a degree of 
correspondence between the movement of the pendulum 
booms and the variation in the water load; and tills corres¬ 
pondence is so marked as to render a causal connection in 
a high degree probable. 

There are at least four types of earth movements which 
are being recorded by the pendulums. These are 

1. Earthtides. 3. Fault movements. 

2. Earthquakes. 4. Slow deflectious of the vertical. 

The Earthtides .—As two of the pendulums were pre¬ 
viously used for the detection of the earthtides in Europe, 
it was to be expected that they would record this phe¬ 
nomenon at their present stations. This expectation has 
been fulfilled. 

As Burrinjuck is situated 125 miles due west from the 
coast of New South Wales at Jervis Bay, it is possible that 
the records may be slightly influenced by the load of the 
oceanic tides. It will be of great interest to compare the 
records of these instruments with those from the Standard 
Earthtide Station at Oobar. This station forms part of the 
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world scheme initiated by Hecker for the International 
Geodetic Association. It was established by Father Pigot 
at Cobar a short time before he commenced the installation 
at Burrinjuck. The Oobar instrument is of the Zoilner 
suspension type and was set up in a disused mining drive 
at a depth of 450 feet from the surface. As Oobar is about 
360 miles from the coast it is anticipated that the effect of 
the oceanic tides will be quite negligible at this station. 
If the oceanic tides do exert a measurable effect at Burrin¬ 
juck, a comparison of the records with those of Oobar should 
provide a means of ascertaining the magitude of this effect. 
If. on the other hand, the oceanic tides exert no appreciable 
influence at Burrinjuck, the records will be of value in 
supplementing those at Oobar. Unfortunately the Cobar 
mine has been closed during the greater part of the past 
year, so that simultaneous records from Oobar and Burrin¬ 
juck arc not yet available. The mine is, however, now 
being re-opened, and the installation of the pendulum will 
be shortly re-established by Father Pigot. 

Earthquakes are readily recorded by ail the pendulums. 
The periods of the booms in the different instruments vary 
from about eighteen to twenty-six seconds for a relatively 
small arc of oscillation. These records have of course no 
time value, as the travel of the photographic, paper is only 
from one to three centimetres per hour; nor are the ampli¬ 
tudes of much value as the pendulums are undamped. 
Nevertheless the earthquakes are of importance in their 
possible relation to faulting. Earthquakes of large ampli¬ 
tude have on several occasions been accompanied by sudden 
displacements of the zero of the booms under conditions 
which sometimes suggest fault movements rather than 
instrumental errors. As a rule the earthquakes are not 
accompanied by displacement of the zero position of the 
booms. 
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Fault movements are represented on the records by 
relatively rapid movements of the booms. In most cases 
the movement occupies only a few hours, resulting in a 
permanent displacement of the zero position of both booms, 
these faults are generally unaccompanied by any earth* 
quake shocks. They sometimes occur in the same sense 
as the preceding slow movements of the pendulum booms 
and at other times in the opposite direction. The position 
of the fault plane and the direction of the downthrow with 
regard to the position of the instrument no doubt deter¬ 
mines this relation. It is hoped that the chief lines of 
fracture may be located by observations from all three 
instruments. 

It is, however, in the slow deflections of the vertical 
that the main interest of tiie investigation lies. These 
movements may be related chiefly to the water loads or 
may be due to other causes, but it seems almost certain 
that the former cause is in operation. More light will no 
doubt be cast upon the problem by further investigation. 

Interpretation of the Records. 

It is as yet premature to oiler definite conclusions, but 
there are certain suggestions that may be considered. Is 
it possible that the deflections of the vertical, which are 
undoubtedly taking place at Burrinjuck, are due to isostatic 
adjustment ? 

In this connection we have involved the question of local 
versus regional isostacy. Barren’s investigations of the 
strength of the earth’s crust are strongly opposed to the 
possibility of such a relatively small mass as the water 
content of the Burrinjuck Reservoir having any isostatic 
effect. On the other hand Hayford and Bowie consider 
that isostatic adjustment may affect areas as small as one 
square mile in extent. 

Is it possible that both these views may be reconciled? 
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In an area such as that of Burrinjuck, where the earth’s 
crust has been proved to be fractured by many large faults, 
there is not that strength of the crust postulated in Barren’s 
investigations. Even small areas are divided in blocks by 
fault planes, and it is conceivable that eacli small area may 
work into a position of isostatic adjustment more or less 
independently of its neighbour. Conditions such as these 
would favour Hayford’s limits for isostatic compensation 
in areas of this type. 

If isostatic adjustment is not responsible for the deflec¬ 
tions observed, are these to be explained by the elasticity 
of the earth’s crust ? 

The instruments are certainly sensitive to small loads 
close to their bases of support. After spending about 
twelve or fifteen hours within a distance of from three to 
fifteen feet of the pendulums, it was found that the records 
always showed a gradual recovery from the strain imposed 
on the rock floor by one’s weight. It may be that the 
movements of the booms are to be attributed to the water 
load operating in the same way. It is hoped that a quan¬ 
titative examination of an extended series of records will 
enable the nature of the deflections of the vertical to be 
ascertained. 

In the meantime it is certainly a matter of interest that 
such deflections are taking place, and that these appear to 
be related to the water load. 

In conclusion, I would desire to express my great in¬ 
debtedness to both Professor David and Father Pigot for 
constant advice and assistance in connection with this 
work; to the latter especially for his advice and guidance 
in completing the installations which he himself commenced 
but was unable to complete owing to his visit to Europe; 
and for his most generous help in the preparation of this 
paper. 
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Explanation of Figures and Flats LXII. 

Figure 1.—Pendulum No. 1 (Heidelberg Pendulum). 
The deflections of the vertical registered by both booms 
are represented by the changes in the ordinates of the 



curves, which are drawn to a scale on which one centimetre 
represents about 1*48 seconds of arc. The amount of 
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deflection prior to the 22nd February is not known. In the 
case of the meridian boom an increase in the ordinate 
represents a deflection of the boom towards the east. In 
the case of the east and west boom a decrease in the 
ordinate corresponds to a deflection of the boom to the 
north. The curve representing the water level is drawn 
to a scale on which one centimetre represents twenty feet 
of water. The actual water level on 22nd February was 
fifty-two feet above the river bed at the site of this 
pendulum. 

The abscissa? represent the times corresponding to the 
ordinates of the curves and are drawn to a scale of twenty 
days to one centimetre. 


Figure 2.—Pendulum No. 2 (Strassburg Pendulum). 

The deflections of the vertical registered by both booms 
are represented by the changes in the ordinates of the 
curves. These are drawn to a scale on which one centi¬ 
metre represents about 0*64 seconds of arc. The amount 
of the deflection prior to 22nd February 1915 is not known. 
In the case of the meridian boom an increase in the ordinate 
represents a deflection of the boom towards the cast. In 
the case of the east and west boom a decrease in the 
ordinate represents a deflection towards the south. The 
curve representing the water level is drawn to a scale on 
which one centimetre measures twenty feet of water. An 
increase in the ordinate corresponds to a rise of the water 
level. The actual water level at the 22nd of February, 
1915, was eighty feet above the river bed at the site of 
this pendulum. %The abscissae of all the curves represent 
the times corresponding to the ordinates, and are drawn 
to a scale of twenty days to one centimetre. 



460 


L. A> COTTON. 



Figure 3.—Pendulum No. 3 (Potsdam Pendulum). 

The deflections ot the vertical registered by both booms 
are represented by changes in the ordinates of the curves. 
The curve for the meridian boom is drawn on a scale on 
which one centimetre corresponds to 1*74 seconds of aro. 
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While the ourve for the east and west boom has a scale of 
1*26 seconds of arc to one centimetre. The amount of 
deflection prior to 24th February 1015 is not known. In 
the case of the meridian boom an increase in the ordinate 
represents a deflection of the boom to the west, in the 
case of the east and west boom an increase in the ordinate 
corresponds to a deflection of the boom towards the south. 



March i April , May j June | July ^August \September^October 
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The curve of the water level is drawn to a scale on which 
one centimetre measures twenty feet of water. An increase 
in the ordinate corresponds to a rise of the water level. 
The actual water level at the 24th February, 1915, was 
twenty-two feet above the river bed at the site of this 
instrument. The abscissa) represent the times correspond¬ 
ing to the ordinates and are drawn to a scale of twenty 
days to one centimetre. 

Plate LXTI. 

This map indicates the position of the Murrumbidgee 
River and its tributaries within the area affected by the 
Burrinjuck Water Conservation Scheme. The positions of 
the river channels are marked in firm lines, and the area 
which will be submerged when the dam is full is repre¬ 
sented by the dotted lines. The three pendulums (numbered 
1, 2 and 3) are situated at the intersections of the three 
rectangular crosses marked on the map. The deflection of 
the vertical for each instrument for the period, 22nd 
February to 21st October, 1915, is stated in seconds of arc, 
and the direction of the deflection is shown by an arrow 
marked at each station. 










[From the Proceedings of the Linncan Society of New South Wales, 
1912 , Vol. xxxvii., Part 4, November 27th.] 


NOTE ON THE RELATION OF THE DEVONIAN AND 
CARBONIFEROUS FORMATIONS WEST OF TAM- 
WORTH, N.S.W. 

By L A. Cotton, B.A., B.Sc., Assistant Lecturer and Demon¬ 
strator in Geology, University of Sydney, and A. B. 
Walkom, B.Sc., Linnkan Maclkay Fellow of the Society 
in Geology. 

(Two text-figures.) 

The following notes are the result of observations made by us 
during a cycling trip from Tamworth to Mudgee, via Gunnedah 
and Coonabarabran, with the object of examining the strata. 

The geology of the Tamworth-end of the section examined, has 
been discussed by Professor David and Mr. E. F. Pittman*, who 
have shown the characteristic rocks to be interstratified radio lari an 
cherts and tuffs, with occasional bands of limestone. They have 
also shown that, as a result of tectonic movements in the district, 
the strata have been folded into a sharp anticline between Moonbi 
and Tamworth, and they have indicated the position of a probable 
fault, with a throw of 9,000 feet to the east.f 

Our section (Fig. 2) is a continuation of that given by Professor 
David and Mr. E. F. Pittman, and extends to a point three miles 
west of Gunnedah, the section being taken along the road. It is 
built up from dip and strike observations made, where possible, in 
the road-cuttings. These are represented on the map. Unfortu¬ 
nately, relatively few of these wore obtainable, on account of the 
extensive development of recent deposits, These consist chiefly of 
surface-alluvials, and one large bed of river-gravels, at least 60 
feet thick, containing pebbles about 3 or 4 inches in diameter, 
which extends four miles on either side of Somerton. 


* “ On the Palreozoio Kadiolarian Rockaof New South Wales,” Q.J.G.S., 
Vol lv., 1899, pp. 16-37. 


t Op> cit. f Plate 3. 



704 NOTE ON DEVONIAN AND CARBONIFEROUS FORMATIONS, 


The section is not detailed on account of the difficulty of obtain¬ 
ing outcrops, and also the short time at our disposal. It is intended' 
to illustrate, in a general way, the lithological character and struct 
tural features of the strata. 

From Tamworth to within two miles of Carroll Gap (see Fig. 2), 
the rocks consist of interbedded tuffs and cherts, with one charac¬ 
teristic band of limestone. The tuffs and cherts exhibit consider¬ 
able variation in their development. In some places, the tuffs 
appear massive, with very little chert, and in others (particularly 
the cutting near the 10-mile peg from Tamworth) there is very little 
associated tuff with the chert. Occasionally, tuffs and cherts are 
closely interstrati fled, as at a point about 8 V 2 miles from Tam¬ 
worth, where six bands of each were observed in a thickness of 
about 20 feet of strata. The bed of limestone referred to, is about 
10 feet thick. It is a black, fine-grained rock, characterised by the 
presence of small, lath-shaped crystals about 4 mm. by 0-5 mm. 
Examination under the microscope and treatment with HC1 show 
that they are composed of calcite, but their distribution suggests 
that they are replacements of some original structure. This was 
observed in three distinct places, viz., 5*2,10*7, and 21-4 miles from 
Tamworth. 

The plotting of the dips on the map showed that we were dealing 
with a series of anticlines and synclines, and the strikes indicated 
that these were tilted. From the information obtained, we calcu¬ 
lated that the axis of tilt is about N.3° W., and the amount of the 
tilt from 6-7° towards the north. Reference to the section (Fig. 
2 ) will show how these folds harmonise with the anticline east of 
Tamworth. 

The presence of quartz-reefs in the roading cutting 10 miles 
from Tamworth, observed by Messrs. Harrison and Aurousseau, 
renders it not unlikely that the Moonbi granite-series underlies this 
portion of the section. 

The most westerly observation of the dip of this series was at a 
point about two miles east of Carroll Gap. Between this point and 
Carroll Gap itself, outcrops aro obscured by recent alluvial, and at 
the latter place, there is a bold outcrop of limestone dipping to the 



Fig.l.— Routi-map, Tam worth to Carroll Gap. 
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east at about 80*, containing Carboniferous fossils as follows: — 
Zaphrentis, Michelinia tenuisepta, Spirifera, Euomphalus, and 
Loxonema . 

This is followed, to tho west, by a conformable series of tuffs 
and slates, the dip being in the same direction, and decreasing in 
amount as we go west 

There is a well-marked physiographic break at this point, pro¬ 
bably due to differential erosion. 

The sudden discontinuity in the dip and the general appearance 
of the country lead us to suggest a probable fault to the east of tho 
limestone, letting down the Carboniferous area. 

The lithological resemblance of the strata between Tamworth 
and Carroll Gap to, and the continuity of its folding with the 
Devonian series of Tamworth, as well as the marked discontinuity 
with known Carboniferous to the west, leave little doubt but that 
this series is of Devonian age. 

The presence of Carboniferous fossilsf at the localities marked 
on Fig. 1, suggests that the boundary is approximately as repre¬ 
sented on that diagram. 

The Carboniferous series may be intruded by the porphyrite 
indicated in the section. 

From this point, an alluvial flat extends to a spot about two 
miles west of Gunnedah, being only interrupted by a ridge of 
aplitic granite three miles east of that town. At the western edge 
of this alluvial plain, there occurs a stratified rhyolitic tuff, pro¬ 
bably of Carboniferous age, which is overlaid by Permo-Carboni¬ 
ferous Coal-Measures. Further to the west and south, these Coal 
Measures are capped by Triassic sandstones and claystones, as at 
Mullaley, where specimens of Stenopteris were obtained from a 
well in the town itself. 

t The following have been leoorded from Mt. Uriarl by Mr. W. 8. Dun : 
—Zaphrentis, Productus semiretieulatua , P. longispinus, P. of. Murchiaoni, 
P. undatus, Otthis reaujnnata, 0. at utralia, Spirtfer striata , S. ptnguis , 
Didaama aacculum , Entolium aviculatum % AvicntopecUn ftp., Euomphalus 
pentangulatu *» Dentalium , Orthortraa ip.ind. 
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Mr. R. H. Cambage has recently found Carboniferous rocks, 
consisting of andesite and also cherty shales with Rhacopteris , 
just to the north-west of Currabubula. These shales strike in a 
north-westerly direction, and dip fairly steeply to the south-west. 
This point is about 25 miles M.8.E. from Carroll Gap, where Car¬ 
boniferous rocks occur on the road from Tamworth to Gunnedah. 
This discovery shows that the whole length of the Peel Range, 
from Carroll Gap to Currabubula, is probably composed of Car¬ 
boniferous rocks. 
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AUSTRALASIAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


Professor T. W. EDGEWORTH DAVID, C.M.G., B.A., 
F.R.S., P.G.S., Hon. D.Sc. Oxon. 


In the first place, let me bid you, who are here gathered to¬ 
gether to honour the principles for which our Association stands, 
and to share in its work, a very hearty welcome to this noble hall, 
a building sacred to the memory, not only of its beneficent founder, 
but also to that of those many who have made the pursuit of 
knowledge for its own sake the watchword of their lives. Such 
men and women, whether students or teachers, whether high or 
low in the world’s esteem, are surely those whom our association 
delights to honour; and we feel the inspiration of their worthy 
lives present with us here in this hall to-night. 

Next let me thank you for the unprecedented honour you have 
done me in electing me a second time president of our Association. 
I am deeply touched by the trust you repose in me, more especially 
when I know what that trust implies, for it means, not only that 
I have the high honour of presiding over this distinguished gather¬ 
ing, but, further, that you hope, in electing me to this office, that 
I may have the unique responsibility of representing our locu¬ 
tion on what we all hope will be an epoch-making occasion, the 
visit to the Commonwealth, in 1914, of that mother society, of 
which we aspire to be a not unworthy daughter, The British Asso¬ 
ciation for the Advancement of Science. Such trust fills one with 
a feeling of one’s own unworthiness, and a sense of many short¬ 
comings, and only your kind and unanimous will that I should 
act has led me to accept office in the firm belief that I can count 
in every one of you a friend who will not fail in time of need, and 

26 §» 
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the needs are likely to be many. In this belief, gladly and grate** 
fully, I have accepted. I am aware that a very high standard 
has been set me by my predecessor in this office, for no one could 
have served the interests of our Association more ably or strenu¬ 
ously or conscientiously than Professor Masson. It is my pious 
wish to follow in his footsteps. 

Next on the occasion of this the fourteenth meeting of our 
Association, it would surely be meet that we send a grateful greet¬ 
ing to our founder, Professor Liversidge. Our latest aocounts of 
him show that he is strong and well, and after so many years of 
strenuous teaching and organizing work is now walking the Elysian 
fields of research. 

Next I would remind you that recently there has passed away 
from among us one who has done a unique work for Australian 
science, in the branch of Ethnology, F. J. Gillen. I feel I cannot 
do better than quote the following sympathetic obituary notice 
that has recently appeared about him in Nature , 12th August, 
1912:—“ In Australian papers which have just come to hand we 
regret to see the death of Mr. Francis James Gillen. Anthro¬ 
pology has thus lost a conscientious and devoted worker, whose 
world-wide reputation has been well earned in a fast-vanishing 
field of investigation, which, unfortunately, attracts far too few 
men of Mr. Gillen's type. It is now forty-five years since he 
entered the public service of South Australia, and his official work 
caused him to become virtually exiled to the heart of the Aus¬ 
tralian continent; but he devoted his spare time to the study of 
the aboriginal people among whom he lived, and it is no exaggera¬ 
tion to say that he acquired a much more intimate knowledge 
of the customs and beliefs of the most backward race of mankind 
now in existence than all other investigators had been able to col¬ 
lect; and this wealth of accurate information was put to the best 
use when Mr. Gillen collaborated with Professor Baldwin Spenoer, 
F.B.S., of Melbourne, and produced a series of the most discussed 
volumes that have ever been contributed to enthnological literature. 
The opportunities for such investigations as Mr. Gillen carried on 
are abundant, but with the rapid intrusion of European customs 
into every corner of the world, they will soon be gone for ever. 
It is thus with especial gratitude that all students of mankind will 
always regard the labours of such men as the late Mr. Gillen, 
who have seized the opportunities presented by their daily ocoupa* 
tions, and rescued for posterity an accurate knowledge of the fast- 
vanishing customs and beliefs of primitive people.*’ I might add 
that he was formerly president of the ethnological section of this 
Association. The sympathy of all of us will I know be extended to 
those who were near and dear to him, as well as to his close friend 
and fellow-worker, Professor Baldwin Spencer. The ed-optffttlbn 
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of these comrades has brought home to us the liveB and thoughts 
Of our aborigines just in time to save them from oblivion. They 
have, indeed, protected the aborigines from the wicked practices 
of so-called civilized man, and set this ancient and honorable 
people in their right place. Science and humanity owes them both 
a deep debt of gratitude. Long may his comrade be spared to 
carry on the noble work to which he has devoted himself with 
such signal success and singleness of purpose never more in evi¬ 
dence than in his recent protectorate of the aborigines in Northern 
Territory. 

We welcome him warmly to-night, returned after so much 
hardship and moving accidents by flood and field, and congratulate 
him on the recent publication of yet another charming book on 
Central Australia and its inhabitants. 

The action of the Federal Government in organizing the recent 
scientific expedition to Northern Territory, in which Professors 
Gilruth and Spencer, Professor Woolnough, and Dr. Breinl, took 
part, will doubtless highly commend itself to the general public, 
no less than to workers in science. The reports already fur¬ 
nished all show that Northern Territory has far greater possi¬ 
bilities than, probably, most of us ever imagined in regard to 
both its pastoral and mining future. There can be no question 
that a thorough and systematic botanical survey should be under¬ 
taken before the native Flora becomes intermixed with alien 
plants. Many botanists might co-operate in this work. I would 
suggest at once the name of one who is acknowledged as a world¬ 
wide authority on the taxonomy of our eucalypts, and on the 
acacias, Mr. J. H. Maiden, and that of that eminent plant physio¬ 
logist, Professor Ewart. It may also be suggested that the scien¬ 
tific reports on Northern Territory would be more complete if a 
meteorological report on it were obtained by some competent 
officer from the Federal Meteorological Bureau. 

Those who have the privilege of knowing Professor Gilruth in¬ 
timately will have every confidence that he will prove himself— 
indeed, he has already proved himself —an able and successful 
administrator, and this Association is surely grateful to the Fedora*' 
Government for having placed our colleague in so high and re¬ 
sponsible a position. 

May we not express a hope that the Federal Government will 
shortly see its way to pursue the same enlightened policy it has 
adopted for the scientific exploration of Northern Territory, also 
to British Papua. Mr. J. E. Carne, F.G.S., Assistant Govern¬ 
ment Geologist of New South Wales, has, after a very arduous 
and most successful mission to Papua under the Federal Govern¬ 
ment, located there an extensive belt of oil-bearing sandstones, 
without doubt a continuation of the Great Burmese oil belt, which 
runs through Sumatra, Borneo, and Java, to Timor, and thence 
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tr* New Guinea. This oil belt is full of possibilities, and should 
the supplies of oil prove satisfactory will be a boon to the Australian 
Navy. It may be said without exaggeration that, at the present 
moment, there is no more fascinating field for exploration in the 
whole world, since the South Pole has become overcrowded, than 
New Guinea. It is to be hoped that the Commonwealth Govern¬ 
ment will see its way to have such an expedition organized at an 
early date, and that when the representatives of the British Asso¬ 
ciation arrive here in 1914 there will be a rich harvest of results 
from Papuan exploration to lay before them. 

Polar Exploration .—Reference to the overcrowding of the South 
Pole recalls the fact that at present there are no less than three 
important expeditions in Antarctica; the German expedition, 
under Lieutenant Filchner; the British expedition of 1910-13, 
under Captain Scott; and the Australasian expedition, under Dr. 
Douglas Mawson. 

Of the recent Antarctic expeditions, one might first touch on 
that of Amundsen, with special reference to his scientific results. 
Much lias been said and written about his want of candour in 
neglecting to inform the scientific world, and particularly the 
leader of the Britisli Antarctic Expedition, Captain R. F. Scott, 
much earlier than he did of his intention to compete in the race 
for the South Pole. 

It is certainly to be regretted that no information of his inten¬ 
tion to deviate from the original purpose of his expedition was 
made before the From left Norway. At the same time the im¬ 
portant fact must not be overlooked that when Amundsen reached 
Maderia in November, 1910, he sent a cable to Captain Scott, who 
was then at Lyttleton, in New Zealand: — 

“ Beg inform you am taking Fram south/' 

Now it has been publicly stated in Australia and elsewhere that 
Amundsen stole a march on Captain Scott, and anticipated him in 
point of time in arriving at winter quarters in the Antarctic. This 
charge is wholly unfounded. Captain Scott was well aware, as 
the sequel proved, that Amundsen intended to make a dash for 
the South Pole. Scott’s subsequent action before he left New 
Zealand proves this. He was not aware what part of the Ant¬ 
arctic continent exactly Amundsen would use as his base. 

As a matter of fact, Scott was able to arrive at his base at 
Cape Evans, near Mount Erebus, several weeks earlier than 
Amundsen arrived at the Bay of Whales, the point of the east 
side of the Great Barrier selected by him as his base. 

In the absence of any accepted code on the ethics of Pole jump¬ 
ing, it may fairly be stated that after Amundsen's cablegram to 
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Captain Scott, the South Pole might have been considered any¬ 
body’* Pole; either the Norwegians, or the Japanese, or the Ger¬ 
mans, or the British, for the expeditions representing all these 
peoples had by this time entered the field as competitors. As the 
result of his own consummate skill, forethought, capacity as a 
leader, and that genius which lies in the capacity for taking an 
infinity of pains, backed up by the record of a heroic past, and 
supported by a brave band of as equally heroic countrymen, 
Amundsen, as the world knows, secured the much coveted prize of 
the South Pole for the flag of Norway. Knowing full well, as we 
do, that Amundsen’s dash for the South Pole was his last 
desperate throw to save his expedition, planned for the North 
Pole, from financial ruin, we can surely afford to make light of his 
slight departure from usual scientific etiquette, all the more be¬ 
cause of the glorious record the British nation already holds in 
polar exploration, and can congratulate heartily and generously 
this hero of either Pole, and his brave companions, on the splen¬ 
dour of their achievement. Achieve the Pole they certainly did, 
as the most rigid scientific scrutiny of their numerous accurate 
observations proved that they must have passed within a few 
hundred metres of the Pole, and possibly have been even closer. 1 

It has been said that the scientific results of such a dash are 
meagre. Such a conclusion is disproved by the results, for 
although they do not bulk as large as those of Captain Scott’s 
expedition, the geographical, meteorological, and oceano-graphical 
results are of extreme and unique interest. 

In the first place, Amundsen’s march to the Pole, and the ex¬ 
plorations of his lieutenant, Prestud, in the direction of King 
Edward VIT. land, showed that large masses of land, either im¬ 
mense islands, or low continents, with deep inlets, bound the 
Great Ice Barrier on the oast, and southwards to the Antarctic 
Andes. It will be observed on the map exhibited that the Ant¬ 
arctic Andes make a great swerve from their south-easterly trend 
in the King Oscar Mountains, near where the Heiberg Glacier 
joins the Barrier; the trend southerly from this point being to¬ 
wards the S.S.E. This suggests a possibility 6f the Antarctic 
Andes after all, perhaps, extending into the oastern side of Wed¬ 
dell Sea, near Coat's Land, though this is by no means certain. 

In these Andes, Amundsen discovered the highest mountain 
yet known in Antarctica, called by him Frithjof Nansen, 15,000 
feet in height. 2 


1 Subsequent observations (with a theodolite) by the lata Captain R. F. Scott, and bin heroic 
comrades prove that tbe spot Where Amuudsen planted the Norwegian flag was within hatf-a-mite 
of where they calculated tne actual South Pole is situated. 

1 Tbe late Captain K. F. Scott and Sir Frnest Xha< kief on diM*o\eml u’nKHt eqnolh high 
mountains respectively in Mount Markham and Mount iUikpaliick. the latter to the north-west 
of the Beerdmore Glacier, the former about »0 miles further north, 
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Amundsen's meteorological results show that the barometric 
pressure at the Bay of Whales is lower in winter than in summer, 
a fact of great significance, confirming the previous observations 
of Scott, Shackletou, and the German Antarctic expedition under 
Drygalski. Fifty per cent, of the air currents at the Bay of 
Whales, sufficiently strong to be termed winds, came from the east. 
The lowness of the temperatures recorded at Framheim, in the Bay 
of Whales, at a latitude 78 deg. 38 min. south, longitude 168 
deg. 37 min. west, was as remarkable as it was unexpected. 

The winter there at Framheim was no less than 21.6 deg. F. 
colder than it usually is hi McMurdo Sound, where the British 
Expedition wintered. 

During August, 1911, the average temperature at Framheim of 
this, the coldest month, proved to be no less than —48.1 deg, F.‘ 
The first abortive attempt made in September, 1911, to reach the 
South Pole proved to Amundsen that, at a distance of only about 
25 miles south of the Bay of Whales, the temperature was about 
17 deg. F. lower still. The latter point is in lat. 80 deg. south; 
possibly at 82 deg. or 83 deg. south, the temperature is cooler 
still. When one reflects that Hann and Meinardus have inde¬ 
pendently calculated the temperature at the South Pole, reduced 
to sea level in winter time, that is for the month of July, as only 
—28 deg. F., the great importance of Amundsen's discovery 
becomes apparent. 

There is an immense pool of intensely cold air lying on the 
surface of the Great Barrier, remote from the stirring-up effects 
of high mountain rangeB like the Antarctic Andes. Thus, we 
have the remarkable condition of this great lake of cold air, not 
only much colder than the temperature of the South Pole, reduced 
to sea level, but perhaps even colder than the South Pole itself, 
though the latter has an altitude of about 10,260 feet, whereas 
the surface of the Great Ice Barrier is not more than about 200 
feet above the sea. An interesting analogous instance of a region 
of greater cold than the South Pole itself occurs in Northern 
Siberia. There at Verkhoyansk, the lowest temperature ever re¬ 
corded at any part of the world has been met with, namely, —96 
deg. F., that is 122 deg. F. of frost. 

The geological specimens brought back by Amundsen, and ex¬ 
amined in Christiana, reveal the fact that the rocks of the Betty 
Mountains to the south of the Boss Barrier (Great Ice Barrier) 
are formed of granite with veins of aplite. Similar rocks were 
obtained from Scott’s Nunatak, in King Edward VII. Land, to¬ 
gether with schist, gneiss, white granite, granodiorite, and diorite. 
No less interesting are the oceanographical results secured by the 
Frarn on her long and patient surveys in the South Atlantic, as 
shown on the accompanying lantern slides. It was found that 
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vhereas the isotherms at the surface of the ocean stretch 
in a general south-west to north-east direction across the South 
Atlantic, the warm water lying towards the north-west, at a depth 

400 metres, the isotherms are quite different from those on the 
luri&ce. 

The 400 metres isotherms show pools of relatively warm water 
underlying colder water, and bounded equatorwards by much 
solder water, the difference in temperature being no less than 
27 deg. F. 

Some analogous temperature distributions have already been 
proved between Iceland and Norway, where the relatively warm, 
but more saline, waters of the Gulf Stream dive underneath the 
colder, but fresher, waters coming from the Arctic Ocean. 

Gravity and magnetic observations were also obtained by this 
expedition. There can be no doubt that the value of Captain 
Scott's scientific observations, especially the meteorological, will 
be greatly enhanced by the fact of simultaneous observations hav¬ 
ing been taken by Amundsen. In reference to the German expe¬ 
dition under Lieutenant Filchner, at present we know practically 
nothing, but can be quite confident that in the almost wholly 
unexplored region of the Weddell Sea Quadrant, he and his com¬ 
rades will contribute to raise higher still the reputation of their 
nation, already second to none in the world, for accuracy and 
thoroughness in all kinds of scientific research. Next, in regard to 
Captain Scott's expedition. While there is much subject for con¬ 
gratulation, the fact cannot be concealed that the news which the 
Terra Nova will probably bring us late in March will be looked 
for with a keenness tinged by anxiety. There can, in my opinion, 
be scarcely a shadow of doubt that Captain Scott and his gallant 
band, after desperate struggles, testing the human system to its 
utmost limit of endurance, struggles and hardships from which 
Amundsen and his comrades, from their superior experience and 
knowledge, were exempt, have actually reached the South Pole 
and discovered the tent and flag, and other marks that were left 
by Amundsen. One cannot but sympathize with the poignancy 
of the disappointment of Scott and his party when they found, 
after all their heroic struggles, that they had been anticipated. 
But the story of their magnificent courage in the face of appalling 
difficulties, is one which will go down as inspiration to noble effort 
for all time. 1 

A useful summary of what promised to be the richest harvest of 
scientific research ever gathered in the Antarctic has already been 
given by Mr. J. H. Maiden, our general secretary, whom we all 

* no* wM. of oounie, written bofore the sod news of the Polar tragedy had reached 
Aultrali*. The Inspiration remains, but alas for the brave spirit* that have paused! 
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cejoice to see restored to his normal robust health, in his presiden¬ 
tial address to the Royal Society of New South Wales, delivered 
1st May, 1912. Extremely important meteorological observations, 
especially with reference to the higher atmosphere and its tempera¬ 
ture, pressure, and movements, have been obtained by Dr. 
Simpson, who, by means of unmanned balloons, has been able to 
Btudy accurately the conditions in the higher atmosphere of the 
Antarctic up to heights of about 26,000 feet. 

His method of recovering the tiny meteorograph apparatus 
no bigger than a watch when it fell sometimes at a distance of 
as much as 10 miles from where it was sent up, by means of a 
delicate silken thread paid out automatically as fast as the balloon 
rose, and set free by a timed attachment which dropped the self- 
recording meteorograph from the balloon, was as simple and 
effective as it was ingenious. 

Important researches in physics are being carried on by Mr. 
S. Wright, who in the absence of Dr. Simpson and Mr. Griffith 
Taylor, is now in charge of both the meteorological and magnetic 
work formerly undertaken by Dr. Simpson. One of the most 
interesting results obtained by the biologist, Mr. Lillie, and Mr. 
Nelson, has been the securing of enormous quantities of that 
remarkable vertebrate 0 1 phrdorfisens . Some very interesting 
geological surveys and glacial explorations were conducted by Mr. 
Griffith Taylor and Mr. Frank Debenham. 

One may rely on a young scientist of Mr. Taylor's genius to 
make important original contributions to our knowledge of these 
branches of knowledge, and, to judge from the accounts from 
head-quarters of the work of Mr. Frank Debenham, it is clear 
that it too will form a valuable addition to our knowledge of 
the petrology and physiography of the Ross Quadrant. Mr. R. 
E, Priestley, my geological colleague in the Shackleton Antarctic 
Expedition, though cramped, goologically, at Capo Adare on 
account of the surrounding inaccessible mountains, has accom¬ 
plished most useful meteorological work, and no doubt has 
obtained valuable geological information, when, as a member of 
Lieut. Campbell's party, he explored the region around the base 
of Mt. Nansen. 

Although there is every reason to hope that Lieut. Campbell's 
party have long ere this returned in safety to head-quarters, there 
is still some little room for anxiety. Last February, the Terra 
Sova attempted on several occasions to take up this party, but 
were prevented by dense belts of pack ice, which prevented the 
ship getting within less than about 10 mile*, of the shore. Pro¬ 
bably they would either winter near Evans' Cove, opposite Mt. 
Nansen, or would retreat by the very difficult and dangerous 
route along the coastal plain, intersected at intervals by mojr$ 
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or loss heavily crevassed glaciers. Messrs. Taylor and Debenham 
earlier in the year found themselves left in a somewhat similar 
plight, but at a nearer distance to their base. By making back 
inland a few miles up the slope of the Piedmont ice they were 
enabled eventually to travel by a fairly practicable route back 
to winter quarters. It is devoutly to be hoped that Lieut. 
Campbell's party have been equally successful. 

Some little anxiety also exists in regard to Captain Scott's 
party. When Lieut. Evans and his two colleagues were 
despatched back to head-quarters by Captain Scott, when the 
latter remained with his party within 127 miles of the South 
Pole, there was not the slightest suspicion of any member of 
either party being in any but the most robust state of health. 
Unfortunately, about a fortnight after parting from Captain 
Scott, when traversing the Great Boss Barrier, Lieut. E. R. G. R. 
Evans, R.N., was attacked by scurvy, and, but for the extreme 
heroism of his two comrades, one of whom became later also 
affected by scurvy, though slightly, there is no doubt that he 
would have forfeited his life in the cause of geographical 
exploration. 

There is one consoling reflection to which Lieut. Evans attaches 
great weight, when one considers the probability of any of Scott’s 
party, subsequent to their reaching the Pole, and on the return 
journey, having been afflicted with scurvy, and that is that Lieut. 
Evans, on account of six weeks of strenuous work on the Ice 
Barrier laying depots, had to exist all this time with his party 
on tinned provisions only, whereas the remainder of Scott’s party 
were at the time supplied regularly with fresh meat at winter 
quarters. 

Lieut. Evans considers his attack of scurvy was probably due 
to pemmican—a meat and beef-fat paste—which had become 
unfit for food, and induced scurvy, which is perhaps a species of 
blood poison. In spite of this small room for anxiety, there is 
every reason to hope that Scott and all his party, after accom¬ 
plishing more scientific work, such as the rounding of the 
boundaries of the Great Ice Barrier, &c., and completing other 
research work in a manner never surpassed or equalled by any 
previous antarctic expedition, will all return, like Shackleton’s 
expedition, without the loss of one single life. 

Next in reference to the Japanese expedition under Lieut. 
Shiraze, They have appeared to have accomplished little beyond 
landing on the Great Ice Barrier at the Bay of Whales, where 
they met Amundsen, and studying the structure and crystallinity 
of the ice of the Barrier, and sending inland a sledge party, undei 
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Takeda, for a distance of about 150 miles to tbe tputfe-faafr of 
the Bay of Whales. They reached a latitude of 80* 5' South, 
longitude 156° 27' West. At their furthest point south-east were 
was no trace of any rock or earth visible) nothing but the white¬ 
ness of the ice surface, which descended by a gentle slope to $h$ 
level of the Barrier. As the altitude at this extreme point W*S 
about 1,300 feet above the sea, there can be little doubt that land 
must underlie this area. 

Lastly, we may glance at the important scientific expedition, 
the first of its kind despatched under the auspices of this Associa¬ 
tion, and under the leadership of Dr. Douglas Mawson, to that 
great unexplored region of the Antarctic which lies between th$ 
meridian of Tasmania and that of South Africa, and which, there¬ 
fore, directly fronts our own southern coast. 

My predecessor in this office stated in a vigorous and inspiriting 
address that it was “ up to ” us in Australia to do something on 
our own to explore this vast and, as yet, so little known continent 
which lies at our very door. It is now a matter of history that 
this Association responded nobly to their leader's call, ana hpw, 
following that lead, generous individuals in the Old Country end 
patriotic citizens of this Commonwealth gave Mawson most effective 
support with their handsome donations, and we shall never forget 
the liberal and generous spirit in which the Commonwealth Govern¬ 
ment vied with the State Governments in supporting this first 
piece of new and arduous exploration ever undertaken by our 
country in the field of South Polar research 

Three stations have been successfully established respectively at 
Macquarie Island, Ad61ie Land, and at the Great Termination 
Glacier, a little east of the old head-quarters of the CfcrQi*n 
expedition near Gaussberg. 

The landing by Captain J. K. Davis and Wild's parties at the 
summit of this great glacier cliff, over 100 feet above sea-level, was 
a feat of daring and decision which has certainly never been sur¬ 
passed in the history of the exploration of either Pole. 

The meteorological and glacial observations at Termination 
Glacier are likely to prove of great interest. Captain Davis made 
a very interesting discovery on the voyage eastwards towards Adiiie 
Land; he found that a huge ice barrier prevented his sailing his 
ship within 80 to 100 miles of the track formerly followed at this 
distance further to the south by Commander Wilkes in 1839. 
In matters of longitude, it is of course easy even for expert naviga¬ 
tors to err, but it is surely less likely for so experienced a navigator 
as Wilkes to have been at all seriously out in his latitudes, certainly 
not to the extent of 80 to 100 miles. 
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The provisional conclusion may be drawn that, since the time 
of Wilkes' voyage, there has been a solid advance northerly of the 
front of the Great Ice Barrier in this locality to the extent of about 
at least 80 miles. 1 It is the more remarkable, in view of the fact 
that, in the Ross Sea region as well as in the Graham Land region 
of the Antarctic, there is every evidence of an extensive recent 
retreat of the glaciers and ice-fields in general. 

At Ad61ie Land, Mawson has established his head-quarters at 
a bay called by him Commonwealth Bay. He has with him an 
expert magnetic observer in Mr. E. N. Webb, of New Zealand, 
trained under Mr. E. Kidson of the Carnegie Institute; and in the 
matter of magnetic instruments, is probably better equipped than 
any preceding Antarctic expedition. 

The proximity of the base of the South Magnetic Pole renders 
continuous observations here of extreme scientific interest. It 
was Dr. Mawson’s great ambition to make good the work already 
begun on the South Magnetic Pole by the Shackleton Expedition, 
and to connect the name of Australia indissolubly and honorably 
for all time with the work of exploring this wonderful focus of the 
magnetic force in the Southern Hemisphere. When it is considered 
that the magnetic lines of force in the Southern Hemisphere are 
ohiefly controlled by this Pole, and that the Pole has undoubtedly 
been in movement since its position was theoretically calculated by 
Sir James C. Ross in *1840, and that upon the trend of these lines 
depends the various directions in which ships’ compasses point on 
the Southern seas, it will be seen that any advancement of our 
knowledge of these magnetic conditions will not only be of great 
scientific use and necessity, but will also make for greater accuracy 
and security in the navigation of the many thousands of ships 
which yearly furrow our southern seas. 

If the work in this department of magnetism alone be fully and 
successfully accomplished, as there is every reason to believe it will 
have been, the expedition will have fully justified its existence in 
the eyes of the world, as well as in those of this society, which 
originated it; and the patriotic individual donors, and the Federal 
and State Governments of the Commonwealth, as well as the British 
Government, will feel convinced that the money they have so 
liberally contributed has been spent on a most worthy object. But 
there are many other branches of science which we hope will benefit 
materially from the Australasian Antarctic Expedition. 


1 On the other hand It Is possible that this barrier may be formed of vast fleets of bents 
cemented together by sea Ice, and with the original spaces between them filled In with drift 
•now. Suoh a mass of lee would be analogous to the * Schollen " ice, described by DrygalaU, 
to the west of the wintering station of the Gauss, near Ganseberg. 
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Reference has already been made to meteorology. Our Federal 
Meteorologist, Mr. H. A. Hunt, informs me that the weather data, 
which are sent him by wireless from Macquarie Island, prove the 
closest connexion between our Commonwealth weather conditions 
and those of the Sub-Antarctic. The Rev. D. C. Bates, the 
Meteorologist to the Dominion of New Zealand, confirms this rela¬ 
tion between the weather conditions of Macquarie and those of New 
Zealand. It is true that Macquarie Island, being west of Sydney, 
supplies data of more value for forecasting in New Zealand than in 
Australia; but these data are absolutely essential for a full under¬ 
standing of Australian weather conditions, and it is to be hoped 
that, in the near future, arrangements may be made for the con¬ 
tinuous upkeep of this station. The cost is estimated at only about 
£800 to £1000 a year. For the benefit of commerce and science, 
it is greatly to be hoped that this suggestion will be strongly sup¬ 
ported. The fact that the Australasian Wireless Company, with a 
comparatively small 1$-kilowatt dynamo, have been able to trans¬ 
mit messages which have easily been received in Sydney, and at 
times even in Suva and Perth, speaks volumes for the perfection 
of their system and the skill of their operator. 

Members of the Association will, I trust, be pleased to hear 
that a complete wireless receiving outfit has recently been dis¬ 
patched in charge of Captain Davis to Addlie Land. This should 
be capable of receiving messages transmitted from a distance of 
fully 2,000 miles. Up to the present, Mawson's wireless messages, 
with wearisome reiterations, affirm the fact that they have been 
unable so far to receive a single message from anywhere. 

It is now hoped that, as soon as the Aurora reaches Mawson’s 
base, messages may at once be freely exchanged between Australia 
and Addlie Land, either vid Macquarie Island or direct, and what 
•3 most important, time signals may be interchanged between the 
Melbourne Observatory and Addlie Land; and so, with the help of 
Mr. P. Baracchi, for the first time in the history of the Antarctic 
exploration, a fundamental meridian of longitude may be accurately 
established for Antarctica. 1 

The transmission of accurate time signals will also much enhance 
the value of the magnetic and other observations. 

In the charting of a new coast, much valuable help is likely 
to be rendered by an able and enthusiastic young Dutch geologist, 
J. Van Waterschoot Van der Gracht, who is a brother of the 
Government Geologist of the Netherlands, and has also dis¬ 
tinguished himself in West Antarctica in making accurate and 
most artistic cartographic drawings of the Antarctic coast and 
that of Terra del Fuego. 


1 A abort time after this was written, aim oat daily communication has been established by 
wireless between Dr. Mawson’s base at AatUo and Australasia. 
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This enterprising and magnanimous young explorer has placed 
his services gratuitously and unreservedly at Dr. Mawson’s dis¬ 
posal, a bright example of the true scientific spirit. It is thought 
that a particularly rich biological collection will be gathered 
together by Mr. J. Hunter and his assistants which will supplement 
the collection already made by Mr. Hamilton at Macquarie Island, 
and by Mr. E. R. Waite and Professor Flynn on the recent cruise 
of the Aurora in Sub-Antarctic waters. 

The first Oceanographic cruise of the Aurora did not prove very 
fruitful in result, chiefly on account of the extremely stormy 
weather encountered throughout. A second cruise was more suc¬ 
cessful, and resulted in a discovery of importance, that of an ex¬ 
tensive submarine ridge about 200 miles to the south of the 
southern end of Tasmania. 

This ridge rises from depths of about 2,200 fathoms to 600 
fathoms of the surface, and iB therefore 9,600 feet in height. It 
is a monument most suggestive of that former union of Tasmania 
and Antarctica which the past and present flora of Tasmania, South 
America, Antarctica, and New Zealand, seem to postulate, and 
which has been so ably argued by Mr. C. Hedley recently in his 
paper to the Linnean Society of London. 1 

It is not generally realized that, in going to the coast of the 
Antarctic, so close to the Antarctic circle itself, Dr. Mawson and 
Captain Davis took a tremendous risk. It is well known that 
near the latitudes of 60 degrees and 65 degrees is what the German 
meteorologists call the “ gutter ” (die Rinne) of the atmosphere, 
that is a great world furrow of extremely low pressure running 
E. and W. into which blow, with a persistence and fury elsewhere 
unparalleled, the blizzards of the south and the " Roaring Forties n 
of the north. 

Navigation in those seas is fraught with many great dangers; 
but, nevertheless, we hope to see every member of the Expedition 
return safe and sound to us in March or April of this year, when 
we shall all join in giving them a very warm welcome, and all 
honour for the endurance and courage with which they have faced 
such great privations and perils in the cause of science. 

Visit of the British Association for the Advancement of 
Science to Australasia in July , August, September , 1914.— 
An important feature, and in some respects a serious draw¬ 
back in the location of Australasia on the face of the globe, is its 
extreme isolation from the great centres of thought in other 


' Proc. Linn. Soc. London 1911-12, pp. 80-00, “The JPalteogeographical Relations of 

Antarctic*. n 
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parts of the world. Thus for most of us interchange of ideas with 
the scientific world at large is effected chiefly through the means 
of scientific journals and magazines and reports of scientific socie¬ 
ties) as well aS) but to a much more limited extent) by personal 
correspondence. One lacks here, for the most part) except on 
occasions like the present, the opportunity for personal contact 
even with one’s fellow workers in science in Australasia; and 
undoubtedly the most precious product from gatherings such as 
these is the charm and inspiration which comes from personal con¬ 
tact with one’s fellow workers. Those of us who are privileged, 
on rare occasions, to visit the centres of thought in the Old World 
fully realize how personal contact with master minds in the Old 
World brings us in a few hours nearer to the truth than we could 
have come as the result of reading of magazines for many months. 
The value of such meetings in this respect is, therefore, inestim¬ 
able. 

Australasia has experienced the good that has resulted from 
personal visits of Australian Prime Ministers and Premiers to the 
Old World, of the visit to our shores of the Empire Chamber of 
Commerce, the Scottish Agricultural Commissioners, &c. No less 
good is likely to flow to the Australasian world of science from the 
approaching visit of the ‘British Association, and already we feel 
under a deep debt of gratitude to all those who have initiated 
this great movement. 

Over ten years ago the idea of inviting the British Association 
to visit Australasia presented itself to the founder of this Associa¬ 
tion, Professor Liversidge. At that time we were much smaller 
and less wealthy communities than we are at present, and, not 
being federated, could not speak with one voice, nor draw on a 
common fund. Hence the project had to be postponed. It has 
been reserved for a distinguished member of the Council of the 
University of Melbourne, Dr. J. W. Barrett, who is no u little 
Australian/’ to bring the matter prominently before the notice 
of the authorities of this University. The co-operation of other 
Universities was as heartily given as it was sincerely sought. The 
scientific societies followed the lead of the Universities con amore , 
this Association taking the lead, and willingly lending its organiza¬ 
tion for purposes of forwarding the movement. My predecessor 
in this office, when visiting England in 1910, and attending there 
the meeting of the British Association at Sheffield, strenuously and 
successfully pressed the invitation on behalf of Australian science, 
an invitation which was officially conveyed by Sir George Reid. 
The State Governments of the Commonwealth, through Sir George, 
promised liberal railway concessions to the visiting members. It 
will be fresh within the recollection of all that a great wave of 
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yjft&i iUr ihd Whole of 6ur scientific community when we heard 
thlt oilr invitation had been accepted by the British Association; 
And th£t joy was all the greater when we learned later that the 
VfciidHi foofii the British Association would comprise leaders in 
gxety branch of science throughout the United Kingdom, and that 
kxtiOng them would be included Sir Charles Lucas. The Universi¬ 
ties And science societies having thus moved the Government, Fede¬ 
ral and State, to join in issuing the invitation, next approached 
the Federal Government with a view to their voting the necessary 
funds bo defray the cost of the transit overseas of so large a number 
df scientific visitors. With splendid foresight and liberality the 
Federal Government voted the handsome sum of £15,000 for these 
expenses; and it is a particularly pleasing feature m this connexion 
that the question was treated as a purely non-party one, Mr. 
Fisher and Mr. Deakin assisting each other in every way possible 
to bring about this happy consummation. The Federal Govern¬ 
ment being the hosts of the visiting Association, have recently 
asked for the co-operation of the scientific workers in the various 
States, in order to make all the necessary preliminary arrangements. 
Each State is sending representatives to the Federal Council in 
Melbourne, which comprises political as well as scientific represen¬ 
tatives from every State of the Commonwealth, the Prime Minister 
acting as chairman. The State Governments and municipalities 
have unanimously promised every support. So far the whole 
organization is working very smoothly. So much of its future 
successful working depended upon the selection of the right man 
to act as general secretary for the British Association, for organis¬ 
ing their visit in Australia, that extreme care had to be exercised 
in his selection. All, I feel sure, will agree that the choice could 
Rot have fallen on a man who is more suitable in every way than 
Our newly-appointed general secretary, Mr. A. C. 1). Rivett. All 
that now remains is for each of us to work together with a will, in 
order to make this approaching visit of the British Association a 
real epoch-making event, not only in the history of Australian 
science, but in that of Australasia. 

UrUvenities ,—University education is making rapid progress in 
Australia. Apart from the continued expansion of the older 
Australian Universities, one of which (Sydney) is now commencing 
to work under a new University Bill, which practically makes 
education free in all schools of the University for deserving 
students, there is the growth of the new University of Queens¬ 
land, and the establishment of the University of Western Aus¬ 
tralia to be considered. 
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The University of Queensland, which at present has four pro¬ 
fessors and seventeen lecturers and demonstrators, will probably 
commence the academic year with no less than 200 students. 
At the University of Western Australia it is very gratifying to 
note that out of the eight chairs advertised, for which there was 
an aggregate of 230 applicants, no less than four have been given 
to alumni of Australian Universities, viz., the Chair of English 
to Walter Murdoch; that of Chemistry to N. T. M. Williams, 
D.Sc., both of Melbourne University; the Chair of Engineer¬ 
ing to Hubert E. Whitfeld, B.A., B.E.; and that of Geology 
to W. G. Wooinough, D.Sc., both of Sydney University. 1 This 
fact speaks for itself as to the standard of Australian University 
teaching. Our hearty good wishes go with all these new pro¬ 
fessors no less than with their colleagues newly appointed from 
the Old World, and may we not wish this, the youngest of the 
Australian States, every success in its splendid academic enter¬ 
prise! 

Australian Climate , Past and Present , with special reference 
to its control by Antarctica .—Although no meteorologist, 1 have 
necessarily had, in the course of my geological work, to devote 
some little time to the study of that subject, and when in 
Antarctica, in 1909-10, during the long winter months when geo¬ 
logical studies were all but impossible, concentrated my attention 
as much as possible upon the local weather conditions, and especi¬ 
ally upon the problems of circulation of the upper atmosphere in 
that region. 

It is proposed now to discuss the nature and circulation of the 
atmosphere in general briefly, and then to pass on to consider the 
circulation in the Antarctic and its influence on Australian cli¬ 
mate, past and present in particular, with some notes in con¬ 
clusion as to what appeared to be special needs, at present and 
in the near future, of Australasian meteorology. 

First, this sketch may begin with a summary of what are 
probably the chief causes of the circulation of the atmosphere. 
Firstly, the circulation results from the spherical shape of the 
earth, which causes in turn the differential heating of the earth's 
surface by the sun, for an important fact must be emphasized, 


* Kino* this wn written, th*i Oliair of History at Western Australia has been awarded to 
E. O. (1. Shaun, B.A. of the University of Melbourne. 
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fch»t fully 99 per cent, of the earth’s surface temperature is due 
to heat received by it from the sun, so that heat received from 
other sources, as from the internal heat of the earth, from radia 
feive emanations, from planets or stars, may all be considered as 
praotically negligible. 

Next there is the factor of the different presentment of dif¬ 
ferent parts of the earth to the sun’s rays at different seasons of 
the year, due to the obliquity of the axis of rotation of the earth 
to the path in which the earth revolves around the sun. Next 
there is the factor of the rotation of the earth from west to east. 
This factor, as Ferrel has shown, leads to the tendency for any 
body in the northern hemisphere, whether moving in a north- 
south direction or in an east-west direction, or in any intermediate 
direction to be deflected towards the right. In the southern 
hemisphere the deflection is, ceteris paribus , towards the left. 

Next there is the factor that the earth’s surface is paril 
formed of land and partly of water, and next that the specific 
heat of water is about four times that of average land. In other 
words, land warms up, or parts with its heat four times as 
quickly as water does. 

Next there is the factor that water, when vaporized, is lighter 
• than air, and thus when present in appreciable quantities in air 
tends to float the air masses upwards, the molecules of water 
vapour acting like microscopic balloons, and so when conditions 
are humid, all other things being equal, atmospheric pressure is 
less than when the air is dry. 

Next there is the factor that pure normal dry air is practically 
diathermanou8, that is, it allows the sun’s heat rays to be trans¬ 
mitted through it to the earth without itself undergoing any 
appreciable rise of temperature. 

Next is the factor that the presence of any of the following 
substances in the atmosphere lessens its diathermanous properties, 
vis,, water vapour, carbon dioxide, ozone, dust motes. Dust 
motes may come from ordinary surface terrestrial dust, lava dust 
from volcanic eruptions, or cosmic dust derived from the volatili¬ 
sation and subsequent condensation of meteors and meteorites. 

Next is the factor that if air expands as it rises its heat be¬ 
comes distributed over an increasingly larger volume. This so- 
called adiabatic expansion of air is followed by a fall of tem¬ 
perature at the rate of 1.6 degrees F. for every 300 feet of ascent. 
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Next is the factor that in places where the weather is calm, 
so that no convection currents of air are rising, bringing about 
this adiabatic fall of temperature, the fall of temperature of the 
atmosphere is at the rate of about 1 degree F. for ascent of 300 
feet. 

Next is the factor that outside the ordinary gaBes, such as 
oxygen, hydrogen, and carbon dioxide, which enter into the com¬ 
position of the earth’s lower atmosphere, is the vast vault of the 
higher atmosphere composed chiefly of hydrogen and helium, with 
small quantities or argon, neon, and xenon. These extremely 
light gases, as far as we are at present aware, play no very im¬ 
portant part in our atmospheric circulation. 

Next is the great factor, the importance of which has been 
realized only of late years, that at a height which varies chiefly 
with altitude, partly with surface atmospheric conditions, of from 
27,000 feet near the North Pole 1 to over 50,000 feet at the 
equator and tropics, the temperature of the earth’s atmosphere 
suddenly ceases to fall, and usually commences to rise again, after 
which, at a much higher altitude still, 2 it may fall again, but 
at an extremely slow rate. The bottom of this layer, the in¬ 
version layer, is now known as the isothermal line, and one of 
the greatest aims of modern meteorology, when dealing with the 
higher atmosphere is to determine the height temperature and 
movement of this isothermal line or surface. Practically it 
forms a ceiling over the top of the circulating portion of the 
earth’s atmosphere against which all appreciable upward or 
downward or horizontal moving convection currents practically 
stop. The great discovery of the existence of the isothermal layer 
was made by the distinguished French meteorologist, Teisserenc 
de Bort, at the world-famous observatory at Trappes, near Paris, 
and almost simultaneously by Professor Assman, in Germany. It 
is beyond the scope of this address to discuss all the probable 
reasons for the existence of the isothermal layer. Two only may 
be given. Obviously the cessation upwards of convection currents 
from the lower atmosphere, when the isothermal layer is reached, 
is due to the fact that air which is getting colder by adiabatic 
expansion cannot force its way above air which is warmer than 
itself, and at the same time under less pressure than itself, as is 
the air at the base of the isothermal layer. The fact which most 
needs explanation is why, after a steady fall in temperature with 


1 During tht* summer of 1006 Prfossor Herpctell concluded that over the Arctic Ooean 
near lat. 75" V., th n isothermal layer there sunk a* low as 28,000 feet, 

• Professor Mllhara found r«*oently that on 8th Ootober, at St. Louis, Mo., U.S.A., lat. $8* 
X., th<‘ minimum temperature recorded occurred at 47.600 feet, while the same day at tht 
maximum altitude attained, 54,100 feet, the temperature rose to -78* F., a rise of IS" F. 
U0" 0.). 
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ascent, does such an inversion layer of warm air suddenly mani¬ 
fest itself? Two possible causes, which I would briefly mention, 
are the following:— 

tfirst, it is well known that the ultra violet rays of sunli^l 
are largely absorbed in the higher atmosphere. In this process 
of absorption they appear to accomplish two kinds of work—the 
first, the conversion of some of the high-level oxygen into ozone; 
and as ozone is able to absorb heat even when dry, whereas oxygen 
does not, in the second place they warm the ozone. 

Next it is pointed out that with one exception all the sul 
stances and conditions which lead to the lower atmosphere being 
alternately warmed or chilled disappear at a height of from 5 to 
6 or 7 miles above the earth’s surface. These substances, as 
already mentioned, are aqueous vapour, carbon dioxide, and dust, 
and the condition which obtains at the earth’s surface, but not at 
the isothermal layer, is the conduction of some solar heat by 
contact with the land or water to those substances, and the con¬ 
sequent warming of the layer of the atmosphere next to the earth 
by the long waves of radiant energy, which are practically trans¬ 
formed waves from sunlight. 1 Of the three substances which go 
to bring about changes of temperature in the lower atmosphere, 
and so produce convection currents, only dust is met with above 
the base of the isothermal layer. This dust is excessively tenuous 
and minute. It is not of ordinary terrestrial nor of volcanic 
origin, but at this high level is probably wholly derived from the 
small amount of material resulting from the condensation of in¬ 
candescent gases given off during the combustion of meteors and 
meteorites. Such dust would settle at an extremely slow rate 
through the atmosphere commencing at the point known as the 
radiant point of meteors, usually about 50 miles above the earth’s 
surface. In this slow process of settling down, the dust becomes 
denser as the density of the atmosphere increases, and thus con¬ 
tact with this dust tends to slightly warm the higher atmosphere 
in the isothermal layer, the warming effect increasing downwards, 
but it is so slight that it is insufficient to produce effective con¬ 
vection. It is indeed the same process which results from warming 
of dust in the lower atmosphere, but in the latter case the dust is 
present in such appreciable quantity that its heating effect on the 
atmosphere is sufficient to bring about definite convection currents. 


^ u . rtfhor Information on the cause of the Isothermal layer or upper Inversion, seo 
Bulletin. vol. 11, Papers by Humphrey*, and Proc. Roy. Hoc. Series A. vol. 
lxxxil, p. 4$, Gold, also Nature, 190H-190U. 
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TEMPERATURE IN DECREES CENTIGRADE, 

Fig. 1. 


Curve showing temperature of atmosphere near Melbourne, up to 
height of 17 kilometres, from meteorograph record obtained by Mr. 
H. A. Hunt, Federal Meteorologist. The balloon carrying the meteoro- 

S aph was released at the Central Weather Bureau, Melbourne, on 23rd 
ay, 1913, and fell at 82 miles to E. 23 deg. S., at Yinnar, Victoria. 
The wind at Melbourne at the time the balloon was started was 
blowing from the south. 1 

1 Through th« kindness of Mr. W. A. Hunt I have boon permitted, while this address wu 
going through the juess, to substitute thU Australian record of the temperature up to and above 
the Isothermal Uyn foi the conventional curve which I exhibited at the meeting, the latter 
curve having been generalised from a number of observations In tho Northern Hemisphere. 
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w* are now in the position to consider the theories of atmo¬ 
spheric circulation.. The starting point is naturally the differen¬ 
tial heating of the equator as compared with the poles. In 
Pig. 2, the effect of this heating is illustrated in the case of the 




Fig. 2. 

two masses of air, the one at the equator, the other on the poleward 
side of it. Both of them, it may be assumed, in the first in¬ 
stance, exert precisely similar pressure on the earth's surface, and 
have similar height, but as the result subsequently of the differen¬ 
tial heating effect of the sun, the equatorial mass expands to a 
greater extent than the mass on the poleward side of it. So far, 
however, there is no apparent reason why there Bhould be any 
circulation from the base of one column of air to the base of the 
other. The greater elongation of the equatorial column has no 
more increased its weight than the weight of a telescope is in¬ 
creased by being pulled out to its full length after it has been 
shut up. But now the factor of gravity comes into play. Gravity 
tends to pull mobile substances towards the centre of gravity in 
such a way that surfaces of those substances become tangential to 
the direction of pull. It will be seen that in ,the two columns of 
air a and b of Fig. 2, the plane touching their surfaces is no longer 
a tangent to either of the columns. The equatorial column is 
practically top heavy, and under the influence of gravity it sways 
over, and flows on either side of the equator in a poleward direc¬ 
tion. As soon as the flow sets in from the top of the higher 
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column towards the lower column, and material is thereby re¬ 
moved from the former, weight is taken off the base of this 
column, and is added to the base of the poleward column, and 
thus equilibrium is disturbed through the lessening of pressure 
at the equator, and the increase of the pressure on the poleward 
side. There would then already be a tendency foT the air at the 
base of the poleward column to flow in towards the equator, in 
order to equalize the pressure. Thus a steady transfer of air sets 
in from the summit of the great protuberant air belt, “ Der 
Wulst,” at the equator to the sub-tropical belts on cither side of 
it. This is the great first principle of atmospheric circulation. 
We at once soe the reason for the existence of a constant belt of 
low pressure at the equator, and two constant belts of high pres¬ 
sure m sub-tropical latitudes. These latitudes are respectively 
37 deg. north in the Northern Hemisphere^,and about 35 deg. 
south in the Southern Hemisphere. Their establishment at these- 
particular latitudes is probably in part connected with the fact 
that on the surface of the sphere the areas between tlie equator 
and the poles balance themselves at 30 deg. north or south of 
that equator. If the air masses on the equator side of 30 deg., 
and that on its poleward side possessed exactly the same density, 
they would balance each other exactly at 30 deg. north or south 
of the equator. But on account of the greater cold and conse¬ 
quent greater density of the poleward lying air, as compared with 
the equatorial air, it would probably be necessary to take in more 
territory than is represented by the strip extending from 0 deg. to 
30 deg., in order to secure a mass of air which would approxi¬ 
mately equipoise the poleward lying air. Whether this is the 
correct explanation or not, the fact remains that these two great 
belts of high pressure exist, at latitudes 37 deg. north, and 35 deg. 
south. Were it not for the rotation of the earth this simple 
cause of differential heating would set up a very simple circulation 
of southerly winds blowing from the southern high pressure belt 
to the equator, and northerly high level winds blowing from the 
equator back to the top of the high pressure belt. The rotation 
of the earth leads to deflection, as explained by Ferrell. For 
example, in the Southern Hemisphere, the trade winds, instead of 
blowing from due south, become deflected to the left, and so con¬ 
stitute the south-east trade winds. Similarly, the air which has 
soared to a high level over the equator, as it moves poleward, is 
deflected to its left, that is, in an easterly direction, hence the 
southern anti-trade wind blows from the north-west to the south¬ 
east. So far, atmospheric circulation seems simple. Before we 
pass on to the less understood portion, it may be added that the 
differential heating of the equatorial as compared with the extra 
tropical air-belts, is further emphasized by the fact that there is 
more aqueous vapour present near the equator than in the extra 
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tropics, and this aqueous vapour being a good absorbent of heat 
increases the differential heating at the equator. Further, the 
atmospheric pressure at the equator is lessened by the presence of 
this aqueous vapour, the largest amount found anywhere in the 
earth's atmosphere, and aqueous vapour, being lighter than air in 
the proportion of 1-1.623 for similar temperatures and pressure, 
the aqueous vapour at the equator has a greater ballooning or 
flotation effect there than elsewhere. Both these causes then, to¬ 
gether with the adiabatic expansion of the equatorial air, contri¬ 
bute to produce those convection currents which are the prime 
cause of the trade winds and of the anti-trades. 

We can now follow the atmospheric circulation on the poleward 
side of the high pressure belts (or “ horse latitudes,” as they are 
popularly called). 

First of all, it may be explained that not all the air which re¬ 
turns to the earth's surface at the base of the high pressure belt 
flows back again towards the equator. A large part of it divides 
off and blows polewards, but like the anti-trade winds, from 
which it has been derived, it, too, undergoes a deflection to the left, 
and becomes at first the north-west, then west-north-west, and 
ultimately a westerly wind. These winds, known as the “ Boaring 
Forties,” are the most persistent and violent winds in the world. 
The position of their northern boundary varies a good deal with 
the seasons, but may be described as approximately nearly coinch 
dent with the south coast of Australia. The exact mean southern 
boundary is as yet unknown, but it may be stated that it extends 
at times down to about latitude 60 deg. south. It is here that there 
has been proved to exist that great gully or gutter in the earth's 
atmosphere 1 forming a complete channel around the earth from 
east to west. The Koaring Forties blow into it from the north, the 
blizzards from the Antarctic blow into it from the south. A pos¬ 
sible reason for its existence will be suggested presently; but we 
must first follow the probable course of the earth's atmosphere at 
a high level from the southern anticyclone belt to the south pole. 
Very little, indeed, is known as yet about this subject, chiefly on 
account of the fact that nearly the whole of this area is covered 
by water. Hence the great importance of meteorological observa¬ 
tions such as those that are being taken now in the sub-Antarctic 
at Macquarie Island, by Mawson's Australasian expedition, and 
in the Antarctic by Filchncr, Scott, and Mawson. We do, how¬ 
ever, know something of the circulation of the upper atmosphere 
in the northern hemisphere, though even there there is still much 
difference of opinion as to the directions of movement of the upper 
air currents. We have occasionally actual experiences such as the 


1 Thin Is called by Hann “ Die Rlnn« “ or “ Die LufUurche 
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Allowing giving us an indication of the circulation of the upper 
atmosphere:—At the great eruption of Mount Pel6e, in Martin- 
<^ue and La Soufriere, in St. Vincent, in the year 1902, vast quan¬ 
tities of volcanic dust were projected to heights of over 20,000 feet 
into the higher atmosphere. The trade wind current is there no 
more than about 13,000 feet in thickness, so that above that level 
the dust entered the great stream of the anti-trade wind, blowing 
from south-west to north-east, in that part of the world. This 
dust was later identified on the surface of the snows of the dwiss 
Alps, in Canton Lucerne, and it is thought to have been traced as 
far as Hamburg, in Germany. This proves that the anti-trade 
wind does not cease at the northern belt of high pressure, but 
moves poleward, perhaps as far as Hamburg. Further observa¬ 
tions in the northern hemisphere, by means of nepho- 
scopes, ballon 8 de sonde, &c., prove that there is a 
steady drift taking place of the cirrus clouds in the 
higher atmosphere, from southwards, or west-south-west, towards 
north-east, or east-north-east. These poleward-flowing high-level 
air currents from the high-pressure belts form a stupendous whirl, 
or aerial malstrom, over the north polar area. In the same area 
the surface winds are westerlies, blowing spirally polewards. Thus 
we see that two immense air currents, in the northern hemisphere, 
spiral inwards towards the north pole. Unless there were some 
kind of counter-current, obviously there would very soon be an 
intense congestion of air at the north pole, and equatorial regions 
would bo robbed of their atmosphere. There must, therefore, be 
some great counter-currents which restore the air from the pole to 
the equator. How this restoration is accomplished is certainly 
a great crux of modern meteorology. There are several possible 
explanations. The first is that the surface westerlies ascend in 
the north polar region in a huge slowly moving cyclone until they 
meet the high level westerlies descending over the north pole in a 
great inverted cyclone. The air from these two cyclones is assumed 
to meet at an intermediate level, and is thought then to flow back¬ 
wards towards the high pressure belt/ and in its passage has to 
force its way past the high level poleward current above and the 
low level poleward current beneath. 

01 late years Dr. Shaw, the Director of the Meteorological 
Office in London, has suggested that there is little trace of any 
effective circulation of the atmosphere between the latitudes of the 
high pressure belts and the poles. He adduces hi evidence of his 
view that the westerly winds on the polar side of the high pressure 
belts in either hemisphere blow for the most part from almost due 
west to nearly due east. This, he maintains, is the case both at 
the surface of the earth and also in the higher atmosphere, as 
evidenced by the drifts of the cirrus clouds. On the other hand, 
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in their latest works on meteorology, Milham and Moore, follow¬ 
ing Hann, show a spiral movement for the poleward seeking air 
as it moves from the. high pressure belts. The fact that volcanic 
dust, as that from the great eruption of Krakatoa in 1883, alter 
rising to a height of what is estimated to have been over 23 miles, 
became distributed practically over the atmosphere of the whole 
world suggests that probably poleward seeking and spirally moving 
air currents actually exist. According to Dr. Shaw’s theory, there 
might still presumably be a slow interchange of air between the 
poles and the high pressure belts through the “ passing-on ” action 
of the Antarctic cyclones, just as a football is passed to and fro 
in a series of “ scrums ” on a football field. Ab far as the obser¬ 
vations of the members of the Shackleton expedition extend, the 
high level circulation near the South Pole from the Antarctic 
Circle polewards has a distinct southerly component of movement 
After encountering intensely severe westerly gales on the Nimrod 
we suddenly emerged into clear weather near the Antarctic Circle, 
and for two days obtained good observations of cirrus clouds float 
ing at an altitude of between 15,000 and 18,000 feet. These wore 
moving towards a direction between S.E. and E.S.E., at an 
approximate speed of about 20 miles an hour. At our winter 
quarters at. the foot of Mt. Erebus, we were almost exactly due 
west of that mighty active volcano, so that we were in an admir¬ 
able position to see, by means of the deflection of the* great steam 
column at its summit, whether or not there was any southerly 
component in the atmosphere at a level of over 13,000 feet. Nor¬ 
mally, when the volcano was in only mild eruption, the steam cloud 
was slightly deflected to the north of east by an air current blowing 
from off the high plateau. 1 On the whole this wind, therefore, 
appeared to be an equator-seeking wind, part of a return current 
from the pole towards the belt of the Antarctic u lows/’ At the 
same time it may have been merely a local wind blowing from the 
high plateau to the Ross Sea, which i9 not only a low-lying area, 
but an area of low pressure also. Now comes a point which appears 
of special interest. On the 14th June, 1908, an eruption of con¬ 
siderable violence broke out from the summit of Erebus. Vast 
volumes of steam rose in globular masses so rapidly above the 
active crater that in about a couple of minutes they attained an 
altitude of from 5,000 to 6,000 feet above the summit of the 
mountain—that is, they rose at the rate of about half-a-mile a 
minute. The spectacle was truly sublime; but the most thrilling 
moment oF all was when, as the top of the steam cloud rose abovo 
the 15,000-ft. limit, it was suddenly deflected by a very powerful 
and rapid overhead current having a very decided southerly com¬ 
ponent. Long wreaths of white vapour were quickly trailing out 

' The direction of the *a*tnig> (wind-crodod furrows) on the plateau to r tho west, of the 
Royd Society Range, ns observed by Scott, arc from W. by 8., or W.S.W., to E. by N, or 
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in the path of this current in a direction which appeared to be 
approximately from W.N.W. to E.S.E. Here, then, was a possible 
outward and visible sign of the existence of a vast aerial malstrom, 
which may have been circling around the Pole for untold millions 
of years, but the absolute existence of which had probably never 
before been revealed to man until this occasion, when we had the 
unique privilege of witnessing it. It was a sight that truly filled 
us with wonder and with awe. 

On four other separate occasions—17th July, 1908; 2nd August, 
1908; 31st August, 1908, and 13th September, 1908—we notioed 
precisely similar phenomena, so that there can be little doubt, in 
my opinion, that in this part of the world a great spirally inflowing 
whirlpool of air does really exist, and its centre appears, on other 
evidence, to be not far distant from the South Pole. 1 

The observations of Teisserenc De Bort, at Trappes, in France, 
and elsewhere in the Northern Hemisphere, together with those of 
other meteorologists, prove that there is a distinct down grade 
polewards in the atmospheric pressure at a height of 4,000 meters, 
and the calculations of Meinardus, as quoted by Hann, show that 
a similar down grade exists near the 2,000-meter level in the 
Antarctic. 

Hann, in his admirable and inspiring work, Uandbuch der 
Klimatologie , estimates that the A ntarctic anti-cyclone, composed of 
the air sinking down to the earth's surface from the great cyclone 
above it, is normally not more than about 2,000 meters in thickness. 
These figures do not agree well with our observations near Mount 
Erebus, but it must be remembered that conditions there were 
abnormal on account of the presence, 50 miles to the west, of the 
vast chain of, the Antarctic Horst trending approximately in a 
north and south direction, and tending to deflect upwards to an 
abnormal height, the winds blowing nearly at right angles to it 
off the high polar plateau. 

Our observations showed that normally the wind off the plateau 
of South Victoria Land blew steadily at Mount Erebus, between an 
altitude of about 5,000 feet and about 15,000 feet, in a nearly 
east direction, more often inclining to the north than to the south 
of east. Below the level of 5,000 feet, the air would normally be 
calm or moving south, as the result of a gentle northerly breeze 
from off Ross Sea. Above the 15,000-ft. level, as revealed to us 


1 Supan thinks that the Antarctic anticyclone has its heavy point (Scbwer punkfc) in the 
Eastern ttemisphero. Lookyer thinks that its oentrnm la near ISO 9 R. long., and somewhat 
away from the Pole. 
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by the steam coluibn from the eruptions just described, the great 
current of poleward-seeking air was reached, and this extended 
upwards to vast heights, probably of the order of at least 25,0c 
feet. 

If these conclusions are correct for the Mount Erebus region, 
the high level plateau wind, which may there be considered the 
abnormal anti-cyclone, locally deflected eastwards into Ross Sea, 
is thus no less than 15,000 feet in altitude at its upper limit, that 
is 'Over 4,500 meters instead of Meinardus’ estimate of 2,000 
meters. This does not invalidate Meinardus' conclusions in regard 
to the upward limit of the normal anti-cyclone, such as that of 
Kaiser Wilhelm IT. Land. At Erebus, there are two abnormal 
conditions affecting the height of the anti-cyclone—(1) the upward 
deflection of the normal anti-cyclone by the Antarctic Horst; (2) the 
upward deflection due to the high volcanic cone of Erebus. 1 

A feature of great interest in the atmospheric circulation of the 
Antarctic revealed itself to us at the time of the coming on and 
development of the great blizzards. We were able to distinguish 
between high-level blizzards and low-level blizzards, the former often 
blowing hard at a level of 6,000 feet about over our heads, while 
below all was calm. A premonitory symptom, especially in winter 
time, of the coming on of an impending blizzard was the swinging 
around of the great rolls of alto-cumulus clouds from a N.-W. 
and S.-E. to a N. and S. direction. Meanwhile, the summit of 
Mount Discovery, over 60 miles to the S.S.W., would be capped 
with cloud. Later, after an interval of perhaps a few hours, and 
usually, but not always with a low barometer, a heavy roll of a 
dense low-lying cloud, something like the roll that precedes the 
southerlies along our Australian coasts, would be seen in the south. 
This rushed upon us at such a rapid rate that, even when only a 
half-a-raile distant from our winter quarters, we had only just 
time to run for shelter before the full fury of the blast struck us. 
It was difficult to see, as the blizzard progressed, exactly what was 
happening in the atmospheric circulation at the higher levels, on 
account of the denseness of the drift snow. By continuous careful 
observing, we occasionally caught glimpses of the top of Erebus 


» On our Journey in 1908-9 to the edgt* of the South Magnetic Polo area w<* observed that 
for the l&Bt 50 miles of our maroh before reaching lat. 72* 25' 8., long. 155* 10' B., thn chief 
tastrugi trend from due H. to M. Thun the normal anticyclone wind blows there drat from S. 
then backs to the S.E., leaving weaker broad-topped “ ramp” sastrugi trending from S K.to \\W. 
Recently, since this address was read, the returning members of Dr. Mawson's Australasian 
Antarctic Expedition report that at Addlie Land, and for Soo miles to the S.12. of Dr. MawsoiTa 
base there, at the head of Commonwealth Bay, the chief aastragi trend nearly due 8. and N., 
crossed by smaller “ ramp ” sastrugi trending from about 8.E. to X.W. The average speed of 
the wind throughout the year 1912 at Addlle Land was no leas than 48 miles per hour. This S 
to N. direction inclining towards the ooaet into a direction a little £. of 8. and W. of N. may be 
looked upon as probably the normal one for tho Antarctic anticyclone. 
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and its steam cloud, and it was clear to us then that the part ot 
the atmosphere visible to us, instead of being divisible into three 
parts, as during calmer weather, now appeared to consist of only 
two air currents moving rapidly in opposite directions, namely, the 
south-easterly blizzard, blowing at about 50 to 60 miles an hour 
during the fiercer gusts; and the poleward-seeking high-level 
current. It was always noticeable that, as the blizzard developed 
in intensity, this latter current veered continuously more and more 
south, until at last it became a north to south wind. 

Another very interesting fact which we noticed during the pro¬ 
gress of blizzards was that the high-level wind blowing polewards 
decended lower and lower as the blizzard progressed, first truncating 
the top of the steam column of Erebus, and then slicing it off 
section by section until at last the column was cut off short at the 
edge of the crater. Later, one could Bee, by the ripping off of the 
snow-drifts by this northerly wind, that its lower limit had descended 
about 1,000 feet below the summit of the volcano. In other words, 
during the most severe blizzards, the whole of the poleward-seeking 
system of air streams appeared 1 to sink vertically by an amount 
equal to about 3,000 feet. 

Another feature of interest was that, at the conclusion of the 
blizzard, while the air had become calm at sea-level, at our winter 
quarters, at a higher level the air would be moving rapidly north¬ 
wards, and in a short time this high-level southerly air stream 
would spread up to and even over the top of Erebus; and then the 
great steam vane, some 20 to 30 miles in length, attached to the 
top of Erebus, would at once swing around from south through 
east to north, until little by little the normal plateau wind resumed 
its old direction from W. by S. to E. by N., and reclaimed control 
of the Erebus steam vane, forcing it back into an E. by N. 
direction. 

We now pass on to a most important question of great signifi¬ 
cance. In most parts of the world, with the exceptions of the 
North and South Poles, the barometric pressure is greater in winter 
than in summer, for as the cold of winter approaches, the air in 
contact with the cold sea or cold land becomes chilled, and so is 
rendered denser in winter than in summer; but at the Poles in 
winter the barometric pressure is lessened. Now, in whichever 
hemisphere it happens to be winter, it is tbe experience that in that 


1 This sinking does not probably imply that the whole atmosphere luring a billiard if 
thinned to the extent of 3,000 feet, as, if tliat were so, tho barometer would fall greatly during 
a billiard, which is not the case. There may be some actual thinning, but the phenomenon 
appears to be chiefly due to the high level polar cyclone successively affecting lower strata of 
the atmosphere during the progress of a billiard. 
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hemisphere, atmospheric circulation is considerably accelerated. The 
reason for this will at once be apparent from a study of the curves 
shown in Fig. 3. 
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These I have taken chiefly from Hann, constructing the re¬ 
mainder of the curves to the right from 60 degrees south to the 
South Pole from data obtained by recent Antarctic expeditions. 
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It will be noticed that the temperature at the Equator ecaroely 
varies at all between summer and winter, remaining about constant 
at about 80 degrees Fahrenheit. 

Now, at the North Pole in summer, the mean temperature is 
about 30 degrees F., whereas in winter it is minus 41.8 degrees F. 
Obviously, then, the difference in temperature between the North 
Pole and the Equator in winter is greater than that in summer by 
no less than 71.8 degrees F. 

This steeper grade of the isotherms in winter is accompanied by 
an equally steeper grade of the isobars in winter than in summer. 
This obviously is the reason for the acceleration of atmospheric cir¬ 
culation in the Northern Hemisphere during the northern winter. 
Similar phenomena have been observed in the Southern Hemisphere. 
There, at the South Pole, the temperature at the end of January 
is thought to be about 21 degrees F., and iu July it is considered 
to be about minus 28 degrees F., when reduced to sea-level. Of 
course, as the South Pole itself is not at sea-l#vel, but at an alti¬ 
tude of about 10,260 feet, the actual mean temperature there in 
July may be as low as minus 70 degrees F. At the South Pole, 
therefore, as at the North Pole, there is a considerably steeper 
isothermal, and consequently isobaric grade in winter than in 
summer. The isotherms and isobarB are particularly steep along 
the main Antarctic shore-line, for the obvious reason that, whereas 
in winter the temperature a few miles inland may be minus 30 or 
40 degrees F., the temperature of the open ocean, a few miles to 
the north of the shore, does not fall below 28 degrees F.—a differ¬ 
ence of temperature of no less than 58 to 68 degrees F. in a distance 
of 20 miles or less. 

One can easily understand why, with these abnormally steep 
barometric grades, and the general dome shape of the Antarctic 
Continent, with its almost universal seaward slope, the blizzard 
wind develops such intense speed near where land and water meet. 

The questions now suggest themselves—(a) Why iB the atmo¬ 
spheric pressure lower at the poles in winter than in summer, and 
(b) why, generally, is the atmospheric pressure so much less 
towards the poles than elsewhere, particularly in the case of the 
South Pole? Hatin suggests that the former question is to be 
answered on the lines that the phenomenon is due to some dynamic 
effect to be connected with the increased rapidity of circulation of 
the atmosphere in winter time. 1 

1 Ills remarks arc of such importance that they wo quoted here in full:— 

I>r Jvffim flanii. ffandbttrh tier Klhnatologi*. fid. ffi., h. SOI 

“Im amerikanuL'bvn Polargebiet begegnen Wlr d»r intemiganten Eraohelnung, daw <1 m 
M inimum dor Temperatur mit cinoin Minimum den Luffdrucke* /.uaamroenUllIL Obgleieh fiber 
Xordgitinland und Melville Inland ein KAltepol Jiegt unit - 35 bis - 40* 0.) und die Eratreckung 
und Machllifheit d«*r kulten LulYinasacn daselbst vielleicht gr&xHer 1st ala fiber deni allerdInga 
intonaivorcn aaiatweshen KSltepol, sinkt dooh der Luff d ruck und erreicht im Januar ein Minimum. 
Wlr mfbatn dies uohl auf dynainUche l T r«aoh©n xurQckftthreti; die Pruckabnahaie gegnn das 
Zentruni dea Polarwirbela kommt dann trots der KtArungeti dor ncnnnlcn hruckverteilung aueh 
an der ErdoberliAehc ziir (Jeltung, in Aaien wegen der grosaen Luftdruckunhiufung in den 
uliteraten Niveaua, die naftientlich auf orographische Bedingungen zurijcktufiihren Bind, nicht 
radglioh m Uber den gleirh-f0rmiger<m Filch en dea ameriksnieohen arktiachen Gebletas greiffc 
der Polarwirhcl bia gegen dis Erdoberttftche hlnabdureh. 
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Presumably, increase in centrifugal force may partly explain the 
lower barometric pressure in Antarctica in winter as compared with 
summer, but are there any other contributing factors ? Certainly 
the flotation effect of aqueous vapor cannot assist, inasmuch as 
obviously in winter, when the air is colder, there would be less 
aqueous vapor along given latitudes than in summer, when the air 
is warmer. The vapor factor would, therefore, tend to increase 
pressure in winter, rather than to diminish it. I would venture to 
suggest very tentatively that another factor contributing to a 
lessening of atmospheric pressure in winter may be of the nature 
of an actual thinning of the atmosphere. 

The question appears to be one of hydro-dynamics, and may 
be rather intricate. The suggestion may be made that the thinning 
is brought about by a lag in the movement of the upper atmo¬ 
sphere as compared with that of the lower. For example, in the 
case of the blizzards, it would appear that the masses of cold air 
over the Antarctic slip away from underneath the air of the 
circum-polar whirl at such a rate that the inflowing air from the 
north is unable to overtake the demand for air near the Pole to 
take the place of what has been lost in the blizzard. This is 
perhaps the explanation of the phenomenon of the sinking of the 
upper air currents from an altitude of 15,000 feet to that of about 
12,000 feet at Erebus during the progress of a sovere blizzard. 

As regards (5), the answer usually given to explain the 
diminished atmospheric pressure at the Poles as compared with 
that at the Equator is that it is due to the increase of centrifugal 
force of air masses seeking to conserve their moment of momentum 
as they move polewards. This explanation must be provisionally 
accepted, but it is not necessarily the only explanation. The lower 
atmospheric pressure near 60° S. as compared with 60° N. is 
chiefly due probably to the greater preponderance of sea over land 
in the Southern Hemisphere near that latitude as compared with 
the northern, and the consequent less frictional resistance to wind 
currents, in 60° S., as compared with 60° N. 

Possibly here, too, there is a hydraulic factor tending to locally 
thin the atmosphere during the normal out-rush of the anticyclonic 
wind as it spirals first in a N. by W., and eventually in a W. by 
N. direction. That gigantic refrigerator, the Antarctic Continent, 
may, during blizzard time or in the itnervals between the blizzards, 
throw air off its shoulders at such a rapid rate that the incoming 
air is unable to overtake the demand, and so seldom, if ever, comes 
into gravitative adjustment. This assumed thinning of the atmo¬ 
sphere by lessening the thickness of the earth's air blanket in the 
direction of the Antarctic Circle and the Pole would tend to 
increase the cold in those regions by allowing heat to escape more 
rapidly where the earth's aerial clothing is thin than where it is 
thick. This suggestion is, of course, purely speculative, but the 
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great fact remains, of which uee will be made presently, that the 
more rapid the circulation of the atnriosphere becomes from the 
Pole to the Equator, the more is the atmospheric pressure in the 
neighbourhood of the Pole lowered. Consequently, if any factors 
which make for the acceleration of the atmospherio circulation are 
at any time increased, the barometric pressure at the Poles will 
be lower than ever, and the atmosphere there may become thinner 
than ever. Such factbrs will be shown in the sequel to have 
probably existed in the South Polar Region in Permo-Carboniferous 
time. 

We may now pass on to another very important feature which 
is indicated by the nature of the curves, and that is that the 
North Polar summer is considerably warmer than the South Polar,. 
and the North Polar winter at sea-level considerably colder than 
the South Polar winter at sea-level. 

The following reasons suggest themselves to me as an explana¬ 
tion of this important fact:—First, the superior cold of the North 
Polar winter as compared with the South Polar winter, at sea- 
level, is probably due to several factors, but the chief factor is 
this —In the Northern Hemisphere the proportion of land to sea 
is much greater than in the Southern Hemisphere. On account 
of the much less specific heat of land than water, it follows that, 
as winter approaches, the great continents around or outside of 
the Arctic Circle radiate heat very rapidly and fall below freezing 
point much earlier than does the sea in similar latitudes in the 
corresponding winter months in the Southern Hemisphere; if, 
indeed, the sea in such latitudes as lie north of tjhe Antarctic 
Circle ever freezes over at all. 

Next, we find that in the coldest month of the Northern Hemi¬ 
sphere—January—not onlv is the whole of the Arctic Ocean frozen, 
but vast areas of North America, Northern Europe, and Siberia, 
including Mongolia and China as far south as Corea, are enveloped 
in snow. This area of earth surface, including sea ice, below 
freezing point in winter in the Northern Hemisphere may be 
estimated at approximately from 15 to 20 million square miles; 
whereas in the Antarctic, inclusive of the narrow rim of sea ice 
which forms during the winter, there can never, under existing 
conditions, be much more than about 5,000,000 square miles under 
ice. The central parts of the Antarctic Continent can nowhere be 
more than about 1,000 miles distant from the nearest open water, 
and the Anarctic Continent at this distance is entirely surrounded 
by water, the temperature of which is about 30° F. The steep 
isob&ric grade, as already explained, leads to a rapid interchange, 
especially in winter time, of relatively warm air from over we 
ocean with intensely cold air lying over the Pole. 




Map showing the much larger area below freezing in Northern Hemisphere Winter than in 

Southern Hem jsphtie Winter. 
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Conditions are very different in the winter of the Northern 
Hemisphere. Points lyingabout midway between the North Pole ^ 
and Verkhoyansk, in Siberia, are distant, at least, 2,000 mike 
from the nearest poiht on the earth’s surface where the tempera* 
ture is above freezing. The vastly increased size of this maBS of 
cold air in the north os compared with that in the south, and the. 
comparative absence of convection currents from relatively narrow 
open seas, is probably one of the chief causes of the lower tempera¬ 
ture of the North role as compared with the South Pole during 
their respective winters. 

Next, we have to account for the relatively warm summer of 
the North Pole as compared with the cold summer of the south. 
The reason for this is even more obvious. There is a great.ocean, 
the Arctic Ocean, at the North Pole. At the South Pole there 
is a great high continent. As spring passes into summer near 
the North P<5e, the ice of the Arctic Sea breaks up, wide deads 
open, exposing belts of B6a water, which then transmits its vheat 
by convection to the atmosphere. Consequently, during the Arctic 
summer the temperature rapidly rises, until in July, the warmest 
month, it is actually about 30° F.—approximating to the tem¬ 
perature of the sea water at the North Pole. On the other hand, 
in Antarctica, no important convection of heat by ocean currents 
is possible on account of the existence of this large mass of high 
land almost concentric with the geographical pole. The great 
height of the land—towards the centre over 10,000 feet in height—- 
induces a constant low temperature inland, so that even in raid- 
summer, at the South Pole, in December and January, it is con¬ 
stantly from -15° F. to -26° F. 1 This cold air, as it blows 
outwards towards the coast, descends to sea-level, and though in 
its descent it becomes slightly warm, owing to the FBhn effect, is 
not really raised to the ideal temperature required by the F8hn 
law, as it is continually radiating its heat upwards in the process 
of its flow towards the sea. Thus the surface at the Pole is con¬ 
tinually kept considerably below thaw point, even if that altitude 
is reduced to sea-level. At the actual Pole, according to 
Amundsen’s observations, it never thaws. The snow there is 
absolutely devoid of the slightest trace of stratification. He ascer¬ 
tained this when erecting the tent pole It was found that the 
pole could be driven with great ease to a considerable depth into 
the snow, which was of uniform softness throughout. It is only 
on the extreme edge of Antarctica that, even in summer, any 
thaw takes place. Consequently, there is a complete dearth there 
of all the higher forms of plant life, in fact, of all plant life, with 
the exception of a few algae, besides dwarf mosses, lichens, diatoms, 
and bacteria. On the other hand, in the Northern Hemisphere, 


1 These are only rough estimates based on Amundsen's and Shackle ton's observation*. 
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iu circum-polar lands, like Greenland, Grinnell Land, Grant Land, 
&c.> aajioon aa the breaking up of the ice exposes the sea surface, 
the, air temperature becomes raised to thaw point, and during the 
l^taEfljpum heat of the day actual thaw takes place. Where rock 
or earth projects through the mantle of ice or snow, on account 
oi the low specific heat of rock, especially black rock, of which 
there is much in Greenland, the thaw proceeds rapidly. Large 
Areas of land surface are laid bare; saxifrages, gentians, and a 
considerable variety of Arctic plants spring up and flower in the 
open patches amongst a low boskage of dwarf birch, dwarf willow, 
&c., aim, wherever conditions are favorable, the reindeer moss 
flourishes. As a result of all this vegetation, we find herbivorous 
animals] such as the reindeer, the musk-ox, the caribou, &c., are 
able to/exist in large herds. This, in turn, has made is possible 
for man to live in the vicinity of these herds in defiance of the 
intense rigour of the climate in winter. Hence these remarkable 
conditions of vegetation, stocking with higher mammalian life, and 
peoppng with mankind, so different from the conditions of 
Antarctica, have been brought about in the Arctic chiefly through 
differences of geographical conditions, preponderance of land over 
sea hear the Arctic Circle area, and the existence of an ocean 
partially open in summer around the North Pole. 

Qurely here we have an immensely important argument in 
favour of distribution of land and water and relative elevation of 
land, proving a yery important factor in the control of climate! 

We may now very briefly glance at a few salient features in the 
meteorology and climate of Australia. For details, those interested 
are referred to the much needed work about to be published on 
ibd climate and weather of Australia by Mr. II. A. Hunt, the 
Federal Meteorologist, and Mr. T. Griffith Taylor, the Federal 
Physiographer. To both of these authors, who have given me 
the privilege of perusing the manuscript of their work now going 
through the press, I am deeply indebted for much information. 
The following facts in regard, to the climate of Australia may be 
Specially emphasized : — 

; First, Australia is so situated in latitude ranging from 10 deg. 
8* to 43 deg. S. that its southern portion is well within the annual 
range of the southern anticyclone or high pressure belt. The sun 
roaches the southern limit of its annual range of 47 deg. at the 
Tropic of Capricorn, 22nd December. The high pressure belt fol- 
lows the sun with a lag in point of time of about three or four 
weeks. The annual swing of the high pressure belt is from Lat. 
30° to Lat. 42°. 

: Australian weather is controlled by, for the most part, three 
strings or belts of atmospheric eddies; first, the tropical lows 
developed in the trade wind area. These lows are commonly 
spoken of as the monsoonal lows. Secondly, south of the former, 
i«f the great belt of moving anticyclones. Here it may be men¬ 
tioned that a former president of this association, than whom 
Australasia has never produced any worker more devoted to the 

SH» d 
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study of science for its own sake, nor one who did a greater aid 
more lasting work in organizing and co-ordinating Australian 
meteorology—the late Mr. II. C. Russell—was the first to demon¬ 
strate conclusively that these anticyclones move along asSnite 
paths from west to east. The mean position of the belt of rdoving 
anticyclones is about 35 deg. south latitude. South of latitude 
40 deg. is another belt of low pressure eddies, either the northern 
part of huge Antarctic eddies, or secondaries, lying On their 
northern fringe. 

All these three belts of eddies travel from west to ejsst. As 
regards their speed of movement, the tropical or monsoonal lows 
travel about 199 miles per day. The greatest number afopear to 
occur in September, and the quickest movement is developed in 
October. 

The sub-Antarctic lows in June, 1910, averaged about 360 
miles per day off the Leeuwin, while over the Bight they attained 
a speed of about 550 miles a day, and over Tasmania aboi^t 360 
miles a day. 

The centres of high pressure travel at about the same spepd as 
the Antarctic lows south of the high pressure belt. As tho air 
is blowing from the southern side of the anticyclone belt polewards, 
it is deflected to the left, and becomes part of the Roaring Forties 
winds; the Antarctic lows are eddies developed within these wpnds. 
As these windB are blowing with a slight southerly component, 
they consequently are moving from warmer towards colder regions. 
Sooner or later, their dew point is reached, and a dense cloud Jbelt 
results, like that which is so persistent over Macquarie Islstnd, 
the Auckland and Campbell Islands, Bounty Island, the Anti¬ 
podes, and the Snares, and which gives rise through its constant 
cold moisture to the development there of such extensive beds of 
peat. 

It is hard to overestimate the importance of Macquarie Islfcnd 
as a permanent meteorological station for the very important study 
of these secondary Antarctic lows, as well as for understanding the 
whole theoretical circulation of the atmosphere. Its wireless 
meteorological station, established there by Dr. MawBon’s Aus¬ 
tralasian Antarctic Expedition, is at present supplying daily 
weather reports to Australasia of very high value for the correot 
interpretation of Australian and New Zealand weather. This 
island is ideally situated for the study of the much vexed question 
of atmospheric circulation in just that part of the belt of the 
great westerly wind cugrent, in which are generated those secondary 
Antarctic lows which so profoundly affect Australasian weather. 
Being near the same latitudes as the meteorological observatories 
established by the enterprise of the Argentine Bepublio at the 
Falkland Islands, in the Strait of Magellan and Drake Strajlt, 
and the normal direction of weather movement being nearly 
straight from the Falkland Islands to Macquarie Island, the 
latter island should yield invaluable data as to the speed of 
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fefatsify&c., of these sub-Antarctic lows. It is to be hoped that 
J&i* Association will see its way to strongly recommend the main- 
ten&ace by the Commonwealth Government of this wireless and 
moteoiirological station on a permanent basis 1 . If this scheme is 
eaifttied out l am assured that the comparatively small expense, 
perhaps XftOO to £1000 a year, will be recouped tenfold in actual 
economic benefit to the Commonwealth, and thus the good work 
that this Association has done in giving such timely aid to Dr. 
Mawson's expedition will live, let us hope, and benefit humanity 
for all time. 

It i* thus to Macquarie Island, the great potential meteoro¬ 
logical Hnk between Australasia and Antarctica, that I wish 
specially to invite your attention to-night. As already explained, 
observations in Antarctica have shown that on the whole there is 
strong evidence for the existence of a high level Antarctic cyclone, 
at all events in the Ross region of East Antarctica. 

At the base of this lies a large mass of very cold, dry, and 
therefore heavy air, inert and stagnant for the most part, but 
' locally crumbling* away at its base under its own pressure from 
time to time, and giving rise to those fierce outrushes of air, the 
blizzards. At King Edward VII. Land these are easterly winds, 
near Mount Erebus, south-easterly, from the South Magnetic Pole 
area to Adelie Land southerly, at Kaiser Wilhelm II. Land 
easterly. Although sometimes they persist as a distinct entity 
across the belt of the westerlies, and may even perhaps reach the 
shores of New Zealand, they probably mostly expend their energy 
in reinforcing the S.-W. or S. limb of one of the many violent 
cyclones which have their centres near the zone of lowest pressure 
(“Die Rinne ”) in the belt of westerly winds between the Ant¬ 
arctic circle and the parallel of 60 deg. S. In this belt of low 
pressure the air appears to soar aloft in gigantic eddies. Why 
it should so soar is difficult to understand. It is thought that 
the air in the westerly belt, increasing its speed in order to con¬ 
serve' its moment of momentum as it spirals around the earth 
southwards, develops great centrifugal force which tends to swell 
up a ring of air (like the protuberant belt “ der Wulst”) of 
the equator, but formed mechanically, not thermally like the 
equatorial “ Wuldt.” Ascending vapour, converted into rain or 
sleet, sets free latent heat, which further encourages the rising of 
the atmosphere in local domes upon the swollen air ring of latitude 
62 deg. S. Thus at a high level above “Die Rinne ” there is 
probably an increased atmospheric pressure as compared with the 
pressure at a similar level over the South Pole and over the 
Southern Anticyclone Belt. Hence it is probable that there is 


1 The Government of the Dominion of New Zeeland, w ith the mont emphatic support of the 
proposal by their Meteorologist, Hr. Bates, have «ul>*equenlly Joined this Association in strongly 
Uiyinir the Federal Government to take over thin wireless and meteorological station, and main* 
tarn it on a permanent basis. Since thii address was read the Commonwealth Government have 
iffTMd to take over this wireless meteorological station for a year, and we may hope that this 
step is preliminary to its permanent maintenance by the Government. 
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not only a flow from the vault over the low pressure ring pole- 
wards, but also a hi^h level outflow northwards from tSSLiAttlt 
to the Southern Anticyclone Belt. These suggestions as^jistutiM 
circulation of the atmosphere in the Southern Hemisphex^are 
illustrated in Fig. 5, from which the great importance otfjlsr 
quarie Island as a site for a permanent meteorological 
once becomes apparent. The scheme which suggests itsefiMto me 
as to atmospheric circulation in the Southern Hemi»pher#ds illus¬ 
trated in the rough diagram below 

. 8 . 
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* It pill be noted from Fig. 5 that it is the nature and direc¬ 
tion, Of the high level circulation between the Southern Anti* 
cyclone Belt and the Antarctic cyclones that is most in doubt. 

Ocean Currents .—A few notes may here be given as to the great 
importance of ocean currents in Australasia, in regard to their 
effect on climate, and the modification of Australian climate which 
would follow from a stopping of these currents by a greatly 
extended Antarctic like that of Permo-Carboniferous time. 
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The subject of the ocean currents of the Australian coM : ;bM 
been specially discussed in an able paper by Mr. G. H. Halp ( 
Those interested are also referred to the carefully prepared acci^ht 
of the East Australian current, called by him the Noionekiian 
current, by Mr. Charles Hedley. 3 Professor J. W. Gregory, Me 
of Melbourne University, has also written on the climate Of AM* 
tralasia in reference to its control by the Southern Ocean. 8 ^ 

The accompanying map, the most complete and : reliaHif 'tO 
which I have access, is after Mr. G. H. Halligan (Fig. 6)r 

It will be noticed that on the map of the world showing ocean 
currents, the cold currents of the Southern Hemisphere are chiefly 
on the west coasts of the great continents, and the warm cummte 
on the east coasts. These currents depend for their dpeefcton 
chiefly on the prevalent winds. The roaring forties tend drive 
the cold water of the Antarctic up the west coasts. To thit'cause 
is due the Peruvian current, the Benguelan current, and the 
Western Australian or Humboldt current. Warm water flows 
down the east coasts of South America, South Africa, and East 
Australia, recurving from the east to west current set up by the 
trade winds. 

Mr. C. Napier Bell, of New Zealand, called the attention of 
this society 4 to the very interesting fact that the temperature on, 
the west side of New Zealand was quite an exception to the rule, 
for it is no less than 8 deg. to 10 deg. F. higher than that on 
the east coast. This is due to a recurving of the East Australian 
current, the current flowing eastwards from Gabo Island until it 
strikes New Zealand, when it is deflected northwards, thus raising 
the temperature along all the west coast of New Zealand. The 
current of Bass Strait in winter, when the centre of the higfcj 
pressure belt is well north of the southern coast* of Australia, 
and consequently the westerly winds control the strait, sets strongly 
from W. to E.; but in summer, when the high pressure belt fiat 
moved down to the latitude of Bass Strait, and so the westerly 
winds are displaced southwards, the easterly current btoomes yevy 
sluggish. In the Great Australian Bight the current is normally 
easterly. On the west coast of Australia the current sets n<nth« 
and is a relatively cold current. The currents along the north 
coast of Australia are controlled by the trade winds, "anil are 
derived from the south equatorial current, which is probably some¬ 
what checked or driven on shore in summer by the N.-W. monsoon. 

Past Climatic Chanyes, —A studv of these in detail wtould 
easily supply material for several addresses, and indeed they have 


1 Proo. Linn. Hoc. v. g Walt*, New Series, Vol. xxxi., PI. Hi, 

* ibid, N. H. Wales, New, Series, Vol. xxxv., Pt. 1, pp. 9*21. 

* The climate of Australasia In reference to its control by the Southern Ocean. By }, Vi 

Orejrorv. D.Se., Melbourne, Whifccomf and Tombs Limited 

* Rep. Au»tr Assoc. Adv, 8ci., Christchurch, N.Z. 
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been so strongly marked in the past as to form a very interesting 
feature in the past physical geography of Australasia. Mean¬ 
while a very brief summary must here suffice. 

As regards the fluctuations of temperature in Australia in the 
geological past we owe it to the distinguished man, the late 
Director of the Geological Survey of Victoria, A. It. C. Selwyn, 
that traces of the most remarkable glaciation that the world has 
perhaps ever seen were discovered by him in the Inman Valley, 
near Port Victor, in South Australia. This discovery, the full 
significance of which was not appreciated at the time, was made 
in 1859. Mr. E. J. Dunn, the former head of the geological 
survey of Victoria, was the first who adduced conclusive evidence 
for the conclusion, suggested earlier by Richard Daintree, that in 
Victoria, at Bacchus Marsh, Derrinal, near Heathcote, and indeed 
distributed over a wide area there are glacial beds or tillites of 
Permo-Carboniferous age. Similar beds of the same age have 
been identified in New South Wales, and they have been dis¬ 
covered on a large scale by Mr. A. Gibb, Maitland, in Western 
Australia, where they extend right up to the tropics. They also 
occur in India, South Africa, Southern Brazil, and in the Argen¬ 
tine Republic. There can be little doubt, in view of the dis¬ 
tribution on the earth of animal and plant life at this time, that 
an immense continent probably extended right across the Indian 
and South Atlantic Oceans as well as to Antarctica. This enormous 
land mass would in itself, by checking any warm poleward flowing 
ocean currents, produce great cold in the Southern Hemisphere. 
We should have had present winter conditions in the Arctic 
obtaining in the Southern Hemisphere also, but to a much intensi¬ 
fied degree, and the cold would have been further greatly in¬ 
creased, as compared with present conditions in the Arctic, by 
the fact that there would be no relatively warm sea open in 
sumiher to modify the extreme rigour of this Permo-Carboniferous 
winter. There seems to have been a fall of temperature at this 
time of 15 deg. to 20 deg F. (8 deg—11 deg. C.). Possibly 
this great difference in the geographical distribution of land and 
water would in itself suffice to account in a large measure, though 
not wholly, for the extraordinary glacial conditions during Pern' 
Carboniferous time. An interesting recent discovery in this con¬ 
nexion is that made by Professor W. G. Woolnough of Permo- 
Carboniferous glacial beds with straited boulders at the furthest 
point north on the East Australian coasts to which glaciated 
boulder beds have been traced at Kempsey in New South Wales. 
One interesting feature of these beds is that they conformably 
underlie limestones in which the coral Trachypora , a contributor 
to the small reefs of the period, is well represented. 

Next, in descending order, we find in the Cambrian period 
evidence of an extensive glacial age in temperate to sub-tropical 
latitudes. Probably the contemporaneous climate was 12 deg. to 
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15 deg. F. (7 deg.—8 deg. C.) colder than at present. The im¬ 
portant discovery of the existence of an intense and extensive 
glaciation in Cambrian time revealed itself, after many years of 
indefatigable toil, to the distinguished South Australian geologist, 
whom it has been the privilege of our association to honour with 
the award of the Mueller medal, Mr. Walter Howchin. v May I 
express on behalf of us all the heartfelt wish that he may be 
spared many years of active life to further enrich geological science 
with his discoveries. These glacial beds are presumably on about 
the same horizon as those described by Mr. Bailey Willis, nsyur 
the head of navigation of the Yang-Tse, in China. 

Lately Professor Coleman, of Toronto, has discovered evidence 
of a very extensive glaciation in the Huronian beds of Canada, to 
the east of the great lakes, about 750,000 square miles of the 
earth's surface in that neighbourhood being then under ice. So 
far we have not yet discovered traces of a glaciation of this ag* 
in Australasia. Then, of course, there is the well known evidence 
of the Pleistocene, and possibly in part early Pliocene, glaciation 
of both the Northern and Southern Hemispheres demanding a fall 
in temperature in the Southern Hemisphere of about 10 deg. F. 

In regard to palaeontological evidence of Cainozoic change of 
climate in Australia, I am indebted to Mr. Charles Hedley, of 
the Australian Museum, Sydney, for the information that the 
genus Pyrula at present has its southern limit along the east 
coast of Australia, at Newcastle. It is met with fossil in the 
so-called Eocene (possibly Oligocene or even Lower Miocene) beds 
of Table Cape, in Tasmania, some 600 miles south of its present 
southern limit on the East Australian coast. 

Mr. F. Chapman, Palaeontologist to the National Museum, Mel¬ 
bourne, has kindly furnished me with the following notes: — 

4 4 The Janjukian (Miocene) climate (sub-tropical to warm- 
temperate).—Although many of the genera and even species 
of the Miocene Victorian fauna are still living, the general 
aspect is that of a much warmer climate than at present found 
in Southern Australia. There is abundant proof of this in 
the fact that the Janjukian types of mollusca must now be 
looked for in the Queensland coast fauna, and still farther 
northward. 

The abundance of large Volutes, as well as the occurrence 
of the genera Harpa , Phot, Avcilla , and Cucullcea , with many 
v others, are strongly indicative of warmer coast-lines, some 
being peculiarly Inao-Pacific generic types. Specifically many 
of the fossils are closely related to Miocene forms found in 
in the Vienna basin, a deposit whose shells clearly indicate 
warm temperate to sub-tropical conditions. The Lepidocydina 
of Batesford indicates a warm temperate sea, such as pre¬ 
vailed in the Tethys or Miocene mediterranean. 
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The large disooidal OrbitoliteAy once so common in the warm 
Tertiary seas of the Paris basin, are abundant in the Miocene 
greensands of the Victorian Mallee, Tt has now retreated to 
lower latitudes, being found in Shark’s Bay, Western Aus¬ 
tralia, at latitude 26°, and off the Great Barrier Reef, Queens¬ 
land, at about the same parallel. 

The Kalimnan (L. Pliocene) climate (warm temperate to 
cold).—The Limopns beau mar iemis of the Lower Pliocene 
of Beaumaris, in Victoria, is closely allied to a Japanese 
species now found in lower latitudes. The presence of 
Saxicava and abundant Natica and Tellina indicate a con¬ 
siderable cooling down of the climate in this period. 

Post-kalimnan (Late Pliocene and Pleistocene) climate 
(temperate to cold).—The brackish foraminifera of the Mallee 
indicate a further cooling down from temperate to cold con¬ 
ditions.” 1 

This palaeontological evidence implies a chilling of the waters 
in South Australian seas to the extent of about 6° to 7° F., and 
all this has taken place since Pleistocene time. In view of the 
fact that the Arm trapezia beds are about 15 feet above sea-level 
in New South Wales, it is suggested that perhaps these raised 
beaches may have formed during an interglacial epoch in late 
Cainozoic time. The melting off of a thickness of about 600 feet 
of ice in Antarctica would suffice to raise sea-level around Australia 
by about the above amount of 15 feet. 

It is quite beyond the scope of the present inquiry to seek for 
all possible causes of these vicissitudes of climate, but the question 
as to whether variation in the geographical distribution in land 
and water will explain all the phenomena may be very briefly 
discussed. 

In Permo-Carboniferous time, Chamberlain and Salisbury state 2 
that a census a few years ago gave the known animal species of the 
carboniferous as 10,000, while those of the Permian were only 300, 


* Mr. Walter Howcbin has oallcd my attention to the following interesting facta in regard 
to the Pout-Tertiary climate of Australia :—At the graving dock at (Jlanville, near Adelaide, and 
also at a drainage tank at Dry Creek, not far from the name city, are two well marked horizons 
carrying a geologically recem- marine fauna The loner horizon is separated fiom the hower 
Pliocene marine uerieu bv alluvial bed*, without any evidence of marine conditions. 300 feet in 
thickneuu. Of the two Post-Pliocene marine horizon* the lower at It** upp^r limit ia now ubout 
S6i feet below high water at Olanvllie, and 6$ feet below high water at Diy Creek. It is 
separated from the upper,and evidently recent, marine horizon L»yn thickneuu of from lfl-25 feet 
of freshwater beds, chiefly clays and uandu. The upper marine deposit, a few feet in thickness, 
contain* remain* of a marine fauna identical with that in the neighboring neau, but the lower 
marine deposit, whilo all it* species are recent, contains some form* not found now on the coast* 
of South Australia. For example, both at Dry Creek and at (Jlanville it contain* an abnndancc 
of Arm trapezia and “ the large warm-uea foramlnlfer. ( trfo'tolite s cmnplanatay The latter 
specie* has now deserted South Australian water*, and has moved up to about 26° on the west 
coast of Weatem Australia, and up to a bout (he same pu rallel of latitude on the east roust. 
Al Arm trapezia is known to live at present in Australian waters m far south ft* Western Port, 
Victoria, Its evidence of former warmer seas is not as strong as that, of the above foraminlfer. 

1 Geology, Stratlgraphicul, Vol. I)p. A42. Considerable additions have of late been made 
to the number of Permian species, but nevertheless the fact Is still broadly as above stated. 
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or 3 per cent. Surely no possible arrangement in the distribution 
of land and water can reasonably account for the extinction of no 
less than 97 per cent, of the known species of animal life as we 
advance from the Carboniferous to the Permian. Surely some 
great cosmic cause, such as variation in the amount of the sun's 
heat received at different geological periods, must have contributed 
to bring about this remarkable result. Figure 7 shows the 
theoretical fluctuation of temperature at various geological periods. 
The time intervals are based on (1) assumed thicknesses for the 
geological formations similar to those given in Sollas* Age of the 
Earth; (2) an assumption that equal thicknesses of strata accumu¬ 
lated in equal time, obviously a very loose assumption. 

CURVE SHOWING APPROXIMATE RANGE OF TEMPkKATURE IN TEMPERATE LATITUDES IN GEOIOGICAIT1ME 


St tune* Cretaceous 

+Strtp+art 1 )F j 

Carbon dtrous Htocena fkcent 


Hutoman Lower Cumbrian Perm Carboniferous Pleistocene 

Qtaoot Giensi Gktoof Gfcmi 

•erf lyf'ir ■« ‘coMrf -tov 


Divisions on horizontal hue refer' to tmnf based on relative thicknesses of Strata 
fbrmed at the venous geological periods the latter after Prof. WJ Sanaa 
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SUMMARY. 

From the evidence at present available, the following pro-, 
visional conclusions may be deduced:— 

That the reason for the great climatic and biological differences 
between the North and the South Poles respectively is mainly 
geographical, dependent that is on the present distribution of land 
and water, and the modifications which they introduce into the 
circulations of air and water in either Hemisphere. 

In reference to the control of Australian weather at present by 
Antarctica, the existence of that large continent, with an average 
elevation of about 6,000 feet, acts as a great refrigerator in the 
Southern Hemisphere, and so causes extremes which would not 
otherwise exist between South Polar and Equatorial temperatures. 

This factor tends to increase the rapidity of air circulation in 
the Southern Hemisphere, the acceleration being greatest during 
the winter months, when the isothermal, and consequently isobario, 
grades between Antarctica and the belts of ocean to the north of 
it are steepest. 
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If the Antarctic Continent were to be entirely removed, and 
the Sonthern Ocean were continuous over the South Pole, Aus¬ 
tralia, and the Southern Hemisphere in general, would have a far 
WKwre equable and more monotonous climate than at present. 
There would be none of those periodic fierce outrushes of blizzard 
Winds which accompany the development of the Antarctic " lows ” 
which so often profoundly affect Australian weather. With 
diminished energy of circulation in the Southern Hermisphere, it 
is probable that the rainfall of Australia would be also diminished. 
If this were so—and there seems no reason to doubt it—it u no 
txaggeration to state that part of the pastoral and agricultural 
wealth of Australia depends upon the existence of Antarctica in 
its present form. 

While indirectly we probably owe some of our rainfall to 
Antarctica, we have less perhaps for which to thank her in the 
way of the icebergs which she annually launches into the Southern 
Ocean. But, after all, the danger to shipping from these bergB is 
comparatively small, and yet it is, of course, very desirable that 
accurate information may be recorded as to the exact route mostly 
followed by these bergs. Doubtless the increased rainfall which 
Antarctica probably gives us, through the vigorous stirring it 
imparts to the earth's atmosphere, enormously outweighs the small 
disadvantage of icebergs. 

If Antarctica, instead of completely foundering, were to dis¬ 
solve into an archipelago of low-lying islands, their summer tem¬ 
perature would be higher than that of Greenland and Grant Land, 
and, like them, the Antarctic islands would be clothed with 
hardy forms of plants, amongst which numerous flowers and 
mosses as well as trees, like the South American Fagus, would be 
included. With the advent of vegetation, the islands would 
become suited for herbivores, and, if later, this Antarctic archi¬ 
pelago became re-united to South America, there is no reason why 
the herbivores, and with them man, should not inhabit Antarctica 
to, at least, the same extent as do the Esquimaux the lands around 
the Arctic Ocean. 

If, on the other hand, Antarctica were to increase greatly in 
size until it assumed proportions like those which, perhaps, 
belonged to it in Permo-Carboniferous time (when it may have 
embraced South America, South Africa, and Australia), it is 
evident, from what is the present effect on climate of the present 
distribution of land and water respectively at the North and South 
Poles, that such a huge continent bo situated would produce 
winters of far greater intensity than the present. It has been 
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argued by me elsewhere that at the maximum glaciation in Permo- 
Carboniferous time there was a fall of temperature in Australia 
equal to about 15° to 20° F. This may have been largely brought 
about by the huge polar continent entirely stopping any large 
southerly ocean currents, and so removing what is at present one 
of the most potent means of transfer of heat from the Equator to 
the Poles. 

Passing now to a related matter I wish to strongly urge that 
more may be done for meteorology in the future than in the past. 

In the first place, steps might be taken to establish, at least, a 
few observing stations in the heart of the Australian meteorological 
desert, which lies between Nullagine, in Western Australia, and 
the MacDonnell Ranges. 

Next, there is the question of investigating the upper atmo¬ 
sphere by means of kites and small balloons carrying detachable 
self-registering instruments. By these means the height and 
movement and temperature of that important isothermal layer of 
the atmosphere can also be determined. 

Next, and this is particularly important, in my opinion, with 
a view to spreading a knowledge and creating a real and live 
interest in this beautiful science, a proposal has been made, 
emanating from the able Director of the Federal Meteorological 
Bureau, Mr Hunt, that a competent officer be appointed to visit 
the Australian Universities in turn, opening about one term at 
each of the six Universities of the Commonwealth, so that all our 
students for at least one term every two years will have an oppor¬ 
tunity of sharing in the delightful and instructive problems pre¬ 
sented by our Australian Meteorology. 

It may be mentioned in this connexion that a lectureship in 
meteorology at the Edinburgh and East of Scotland Agricultural 
College, an event of significance both to meteorology and agricul¬ 
ture, has already been established, and this has been done by a 
nation not prone to expenditure on that which profiteth not. 

This scheme for providing a peripatetic professor of meteor- 
logy, who could be supplied at a minimum of cost to the 
Universities, has already been warmly approved by the 
Universities, and I venture to hope that our Association unani¬ 
mously wishes to see this professorship an accomplished fact. 

Next, there is the important question raised by Mr. HaQigan, 
in his excellent paper dealing with the ocean currents around 
Australia, as to whether our legislators will some day be impressed 
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with the necessity for a complete current survey of the coast. This 
is most important, not only from a meteorological point of view, 
but also from the views of harbors and navigation generally. 1 
“If looked upon in the light of insurance only, the comparatively 
small expenditure for the complete investigation of the tides and 
currents on the coast would appear to be amply justified. When 
we know the forces of nature with which we have to contend, 
we may with confidence enter upon the largest engineering schemes* 
and be tolerably certain of success; but it is rash and unscientific 
to attempt to coerce Nature instead of controlling her, and this 
we are always liable to do unless the most complete data are at 
our commands.” 

Then, too, the question will have to be seriously considered 
as to whether a permanent wireless meteorological station should 
not be maintained at Macquarie Island, or some other suitable 
sub-antarctic island, as already advocated. This would be a 
stepping stone towards eventually establishing a meteorological 
station in Antarctica. 

Next, there is an allied question which more immediately 
concerns physical science, but which is also closely connected with 
meteorology—that of the establishment of a solar physics obser¬ 
vatory. This Association has pledged itpelf to support this 
proposal—perhaps second to none in importance at the present 
moment in the field' of Australasian scientific research. The scheme 
has been most ably and zealously advocated by Mr. W. Geoffrey 
Duffiield, and is still being warmly supported by him, and at 
present an active campaign in its interests is being conducted here 
in Australia and New Zealand most energetically and unselfishly 
by the daughter of a very distinguished British astronomer, Miss 
Mary Proctor. It is of the greatest importance to science that 
the sun be kept under observation for the whole 24 hours 
of each day, but in the absence of such an observatory in Aus¬ 
tralia there is a big blank in the daily observations represented 
by the distance between India and California, no less than 150° 
of longitude. Australia is in an ideal position, and possesses an 
ideal dimate for such an observatory. 

The total prime cost of such an observatory is estimated at 

£ 10 , 000 . 

The cost of conducting the observatory is estimated at about 
£l,500 per annum for the earliest years, with probably an 
expanding outlay as the work develops. 


Proc. linn. Soc., New Serlei, Vol. XXXI. 



PRESIDENTIAL ADDRESS. 


XV 

The highest authorities in she Old Country, such as Sir Joseph 
Iiarmor and the late Sir George Darwin, have lent their support 
to the project no less warmly than do Australasian scientists. 
The Federal Government of the first Fisher Ministry made, in 
1909, this generous offer, which is still open:— 41 He (the Minister 
for Home Affairs) realized the importance of the plea for an Aus¬ 
tralian observatory, and that the financial aid required was 
probably disproportionate to the value of the scientific records 
sought to be secured. He thought that Parliament would not be 
Ipsa public spirited than private citizens, and would probably give 
£1 for XI to the erection and equipment fund, and might 
maintain the observatory after its establishment.” 

This magnanimous offer of the Federal Government, if 
approved by Parliament, would leave only £5,000 to be raised 
by private subscription. In 1911, no less than £4,017 of the 
required £5,000 had been subscribed in money or in kind. The 
handsome bequest of a fine reflecting telescope valued at £2,000 
was made by a single patriotic citizen of Ballarat, Mr. James 
Oddie. 

The Government Astronomer of Melbourne, Mr. P. Baraochi, 
than whom no one's judgment should carry more weight in such a 
matter, has selected what he considers to be an eminently suitable 
site, with excellent climatic conditions, at Yass-Canberra. You 
will all be pleased to hear that there is every prospect of the Federal 
Government very soon making this solar physics observatory an 
accomplished fact. Accurate scientific work, such as would be 
accomplished at such a solar physics observatory, would not only 
be of extreme value to science, but would certainly actually pay 
in the long run, as does all honest scientific research. 

^ In regard to economic results from expenditure on science, as 
this address has related specially to meteorology, my remarks wUl 
refer to it only, though what is true of meteorology is true also qf 
almost all the sciences. ' 

The cost of the maintenance of the United States Weather 
Bureau now amounts to over £300,000 a year, and the most con¬ 
servative estimate places the saving to the country brought about by 
timely forecasts at many times the cost of maintaining the bureau! 
probably at least £ 1 , 000 , 000 , to say nothing of the still more 
important matter—the saving of so many human lives through 
warnings to shipping. Our own Commonwealth Meteorological 
Bureau, with its branches in the various States* costs, atpresenty' 
£22,000 annually, a small sum when we consider what vast 
interests are at stake dependent on weather. If we take the case 
of shipping and agriculture alone, by no means the only interests, 
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the total number of ships which visited our ports in 1911 was 
7,781. Then, in agriculture, Professor Watt estimates that in 
New South Wales alone, whereas the present value of the wheat 
yield is about £6,000,000 a year, the existing area under culti¬ 
vation is capable of having its yield increased by 50 per cent, by 
more scientific farming, and the whole area may be increased about 
tenfold, so that New South WaleB in the future should produce 
£90,000,000 where now she is producing £6,000,000. In Victoria, 
too, the wheat yield can be greatly increased, and the area under 
cultivation can be, perhaps, doubled. In South Australia, too, 
the yield could be very much increased, and the yield in Western 
Australia enormously increased; and all this wheat-growing 
industry is, of course, specially dependent on weather and weather 
forecasts. 

It is surely up to us from every point of view to strenuously 
support and continually enlarge the scope of the work of our 
Meteorological Bureau. It is a service of which Australia has 
every reason to be justly proud, for, at present, no less than 9 
per cent, of the forecasts come true, but though “ much is taken, 
much abides.” It was said of old, “Let the consuls look to it 
that the Republic take no harm,” and it is to us, who should be 
the leaders of scientific thought, that the people of Australasia hak 
a right to look to see to it that no harm comes to the State through 
neglect of even th$ least of the sciences in the broadest sense of 
the word science. We have only to make known our wants, and 
to reasonably support their claims, and experience has shown 
us that our Government and private citizens at once rally to our 
support. But while arguments have just been quoted for sub¬ 
sidizing science because science pays, the fact cannot to too 
strongly emphasized that it is obviously not desire for pay, beyond 
the irreducible minimum for satisfying simple needs, that sends 
the scientific worker up the steep and narrow way of research. It 
is the love of his work for its own Bake and the glamour of the 
unknown that constrain him. One may never overtake the vision, 
but is not the glory of pursuing worth all the fardels of this 
mortal life 1 Lessing said that if God came to him with the 
absolute truth in one hand and the pursuit of truth in the other, 
and bade him choose which he would have, he would choose 
the pursuit. Surely no true lover of knowledge should choose 
otherwise to-day! 

But are we soldiers of the army of science under the Southern 
Cross really living up to our highest duties and ideals? Are not 
we who dwell in ease and peace in a large land, where the scientific 
harvest is plenteous and the labourers are few, in danger of 
slackness in the doing of our daily work? , We cannot justly blame 
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for this our climate, which on the whole is one of the best for the 
white races. Neither can we reasonably urge lack of the stimulus 
which comes from competition, for if we had the least faith in 
the reality of our duty to work each day with our might, we 
should neither slacken nor procrastinate, nor leave ourselves 
leisure at times for unnecessary, if not ungenerous, criticisms of 
the work of our fellow craftsmen. But to err is human; and there 
can be no doubt that partly through want of competition, partly 
through want of rubbing shoulders with our fellow workers in the 
Old World, partly through yielding, like the lotus-eaters, to that 
primitive dolce far niente instinct, we do err and fall far short of 
our duty. This is another instance why we so particularly look 
forward to the coming of our colleagues of the British Association 
and their distinguished visitors from other countries, viz., that we 
may be strengthened and confirmed in our work by means of that 
inspiration which comes alone from personal contact with master 
minds. 

In the meantime, while as yet our country is untouched by 
war, war which we hope may never come, though come it surely 
will, unless we watch continually as a strong man armed, let 
us work together body and soul to make her as glorious in the 
arts of peace aB she is dear to our hearts, just because it is our 
bounden duty so to do, and to the end that we may, under 
Providence, hand down to our children this noble heritage of 
Australasia as strong and free and full of honour as it was when 
we received it from our stalwart fathers. 


By Authority: Aunt J. Mount, Government Printer, Melboarne. 
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SOME CRYSTAL MEASUREMENTS OP OHILLAGITE. 

By Miss C. D. Smith, b.Sc.. And Leo A. Cotton, b.a., b.s< 
Department of Geology, University of Sydney. 

[With Plates XV, XVI.] 

[Read before ihu Royal Society of V. 8. Wales, December 4, 

The crystals measured and discussed in this paper were 
kindly supplied to us by Mr. A. J. Ullrnann of Chillagoe. 
In December of last year Mr. Ullmann wrote to Professor 
David, reporting to him the discovery of what he thought 
was anew mineral, and forwarding a sample of the same. 
The new substance was stated by Mr. Ullmann to c utain 
lead, molybdenum and tungsten. It is thus related to both 
stolzite and wulfenite. As no such mineral combination 
had hitherto been recorded, the name Okillagite was 
suggested by Professor David. 

The Queensland Department of Mines also obtained 
samples of the material from the same mine, and an 
analysis was prepared which was published in February of 
of the present year. This analysis corresponds closely to 
the formula PbO MoO a PbO W0 3 . Shortly after this Mr. 
Ullmann submitted a note to this Society giving an account 
of the occurrence of the mineral and also the results of a 
qualitative analysis. He also stated that the composition 
was PbO MoO a PbO W0 3 and gave the theoretical pro¬ 
portions of PbO, MoOa and WO a for this formula. 

In June last, the Queensland Department of Mines for¬ 
warded Professor David a copy of a report embodying still 
later analyses. That portion of the report giving the 
analyses reads as follows 

“ The report on the previous sample was made on a limited 
supply of crystals, but the present sample was sufficiently large to 
allow a more general examination to be made. The present 
sample differed from the previous one in containing a considerable 
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proportion of flat orange-yellow transparent crystalline plates, 
some of these, while quite transparent in the centre, were lemon 
coloured and translucent on the edges. 

“ The greater part of the sample was made up of flat crystalline 
plates, the colour varying from orange-yellow to lemon-yellow, 
the lemon-yellow parts being only translucent, but the orange 
coloured parts more or less transparent. Some crystals were 
dark and opaque in parts, and this was found to be due to an 
inclusion of carbonate of lead. 

“There were just a few other crystals of even lemon yellow 
colour and of different crystalline habit, the specimens showing an 
uneven crystalline surface, quite distinct from the flat smooth 
crystals mentioned above. 11 was these crystals which were found 
in the previous sample. 

“Two lots of crystals were selected for analysis, the flrst. lot 
being more or less orange coloured, and the second lot all lemon 
coloured crystals. The analysis gave lf>*8 per cent and *22 7 per 
cent, of tungstic acid respectively, the lot with the more lemon 
colour thus showed the more tungstic acid. 

“An analysis was then made on a carefully selected lot of the 
clear transparent orange coloured flat plates. These had a hard¬ 
ness 3 to 3i, and specific gravity 7 05. The analysis showed 
Tungstic acid (WO») . ... trace 

Molybdic acid (M oO s ) ... 39 5 % 

Lead oxide (PbO) ... ... 59*8% 

proving these crystals to be molybdate of lead. The analysis 
corresponds approximately to the formula PbMoO*. 

“Two lots of the lemon coloured crystals with uneven crystalline 
surface were then picked. These had a hardness 3 to 3£ and 
specific gravity 7’30. The analysis showed 



(«) 

W 

Tungstio acid (W0 5 ) 

... 235% 

21-1 % 

Molybdic acid (MoO*) 

... (lost) 

22-0 

Lead oxide (PbO) 

... 54*0 

64-5 


“This analysis (6) corresponds approximately to the formula 
3 PbW0 4> 5 PbMo0 4 .” 
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From this report it appears that three types or crystals 
were present. 

(1) Transparent orange coloured plates. 

(2) Partly transparent orange coloured and partly 

translucent lemon yellow plates. 

(3) Translucent lemon yellow plates. 

The first were shown to be definitely wulfenite. In the 
third the percentage of tungstic acid is fairly constant, 
varying from 21.1 to 23.5 per cent. The lead oxide was 
also constant where determined. The second group of 
crystals were intermediate in both physical properties and 
chemical composition to the first and third groups. 

The crystals supplied to us by Mr. Ullmann possessed 
f the physical characters of the third type being translucent 
lemon yellow crystals. 

They were set in a gossan matrix commonly having two 
edges embedded and the other two free. Where tho crystals 
were grouped, they either formed an irregular cell structure 
or were arranged with an approximate parallelism of the 
basal planes. In two of the crystals measured three edges 
were present, but in the remaining five only two edges 
could be obtained. As the crystals actually measured 
were small, varying from 1.5 to 3 ram. in diameter, they 
could not be analysed. 

They were flat thin square crystals, the edges being up 
to 1 cm. in length and about 2 mm. in thickness. The basal 
planes were large and the pyramid faces of the first order 
well developed. These appeared to make but relatively 
small angles (less than 30°) with basal planes. The crystals 
were extremely brittle and fragile, and only fragments 
could be obtained for measurement. 

The following tables give the measurements recorded for 
the crystals. These were read on a two circle goniometer. 
The explanation of the tables is as follows:— 
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The letters indicate the names proposed for the forms. 
These are the same as the letters given to similar faces on 
stolzite and wulfenite where these corresponding forms 
are known. 

The indices are given in Miller’s notation. The measured 
angles for </> have been placed in two columns which are so 
arranged that the first order pyramids in either column 
are in the same zone. The signs + and - prefixed to the 
•/> reading indicate faces developed on the same and opposite 
sides of tiie crystal respectively, as the standard basal 
plane. Faces underlined in the Tables VI and VII indicate 
faces in the same zone as but along the opposite edge to the 
other faces in the same column. 

Faces marked with an asterisk are referred to the forms 
represented by the letters by which they are distinguished, 
but were not considered to be sufficiently well developed 
to be included in deducing the mean values represented in 
Table VIII. The columns marked E<p and Ep show the 
difference in minutes from the mean values of the gonio¬ 
meter measurements. These have been incorporated as a 
measure of the degree of perfection of the crystal faces. 
The columns fy and &p express the differences of the 
measured <t> and p from the theoretical value calculated 
from the corresponding indices. 

On Ml the crystals measured two basal planes were 
present, one ol which showed a relatively good signal and 
the other a very poor one. 

The latter was in some cases only represented by an 
indistinct blur of light. The basal plane with the better 
signal was in each case selected as the standard of refer¬ 
ence for the other faces. 

Crystal No. 1 .—The forms developed are c, f and e. Of 
these the dominant ones are c and f. The faces approxi¬ 
mating to the form y were too small to be seen, but their 
- reflections show that they were symmetrically developed. 
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TABLE I. 
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Crystal No. 2 .—The chief forms developed are c, 0, x and 
f. Of these c and f are the dominaut ones, the latter 
being symmetrically developed. In the case of the forms 
0 and x only one face of each was found. The form y is 
represented by three faces, but only one of these is reason¬ 
ably well developed. The faces represented by the forms 
0,X and x were not observed on any other crystal measured. 
The chief forms are represented in figs. 1 and 2, Plate XVI. 
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22 

4 

# y 

tt 

+46 86 


14 

88 

- 

tt 


1 85 

1 8 

*g 

1 16 

+48 12 

4 

20 

88 

8 

tt 

19 49 

1 48 

49 


tt 

-48 7 

| " 

21 

26 

- 

tt 

tt 

1 68 

1 87 

1 

1 16 

-44 80 


28 

16 

- 

tt 

28 28 

30 

7 

tt 

ft i 

+46 18 

! * 

28 

31 

2 

tf 

tt 

18 

11 

tt 

tt 

+46 17 1 - 

28 

42 

l 

tt 

tt 

17 

19 

i 

1 16 

-46 61 

_ 

| 28 

46 

— 

•t 

tt 

61 

22 

*d 

1 14 

-4148 

- 

i 28 

8 

- 

tt i 

28 23 

3 12 

22 

•» 

tt 

+46 20 

* 

1 28 

46 

2 


tt 

20 

1 8 


1 11 

-46 

l 

57 

19 

4 

it 

66 49 

1 

30 

ft 

tt 

+46 60 

4 

67 

32 

8 

it 

tt 

50 

43 

•* 

8 48 

+86 2 

- 

67 

19 

2 

86°62' 

68 22 

60 

l 8 


tt 

+86 1 

_L 

72 

48 

2 

•» 

i» 

61 

4 21 
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Crystal No. 3 .—Pew faces were present on this crystal. 
Only one representative face of each of the forms c, fc, G, F 
and f was observed. 


TABLE III. 


Face. 

Miller 

Indices. 

Measured <£, 

E </> 

Measured 

/>• 

V 

Oalcui. 

ated. 

Calcul¬ 

ated/). 

8<f>. 

Sp* 



n i 0 / 

/ 

0 / 



0 / 

o / 

/ 

0 

001 

- 

8 

0 

l 

— 

0 

- 

0 

o' 

001 

- 

i 

H 

1 

- 

0 

- 

14 

k 

1 17 

+44 40 

- 

16 42 

- 

46° 

17 10 

20 

28 

» 

1 17 

-43 27 

- 

18 1 

- 



1 33 

61 


l 16 

-43 47 

- 

18 68 

- 

H 

19 49 

1 13 

61 


l 16 

+44 4 

- 

18 59 

- 

i» 

*» 

66 

60 

a 

2 2 11 

- 44 43 

- 

21 26 

- 


21 28 

17 

2 

K 

3 3 16 

-44 39 

- 

22 15 



22 5 

21 

10 

r 

1 16 

+44 40 

1 

23 47 

i 


23 23 

20 

24 

# w 

22 5 

-43 46 

1 

40 62 

1 

ii 

40 61 

1 16 

1 


Crystal No. i .—This was the only crystal measured on 
which the form f was not present. The dominant faces are 
c and 1. 


TABLE IV. 


Face. 

Miller 

Indicee. 

Measured 

K <fi. 

Measured 

P- 


Oftlcul 

ated 

Calcul¬ 
ated p. 

8<f>, 

8p. 



0 1 Of 

f 

0 

/ 

/ 


0 1 

O 1 

q / 

0 

001 

- 

i 


0 

i 

- 

0 

- 

0 

o' 

001 

- 

i 


n 

- 

- 

0 

- 

11 

*T 

013 

1 4 


28 

17 

i 

0 

27 1 

1 4 

1 16 

s 

I 1 10 

+46 60 

- 

11 

43 

- 

45° 

12 12 

50 

29 

1 

118 

-44 28 

- 

14 

25 

- 

ff 

16 7 

82 

42 

1 

ff 

-44 66 

- 

14 

54 

1 

ff 

ff 

4 

13 

1 

ff j 

-44 66 

- 

15 

39 

1 

f 

ff 

4 

32 

1 

ff 

-44 66 

— 

16 

2 

1 

ff 

tt 

4 

65 

d 

114 | 

-44 1 

— 

28 

80 

- 

If 

28 23 

69 

7 

If 

»• 1 

+46 

i 

28 

41 

- 

If 

if 

0 

18 

D 

6 6 23 

-45 18 


29 

10 

i 

If 

29 26 

18 

16 
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Crystal No. 5.—The chief forms are e, f and l. The two 
former are developed symmetrically and determine the 
shape of the crystal. Ditetragonal pyramids are repre¬ 
sented by z and ■*. 

TABLE V. 


Face. 

Miller 

Indices. 

Metuuml 

£ </> 

Measured 

P' 

b- 

Calcul¬ 

ated 

«/* 

Calcul¬ 

ated^. 

% 

8/ , 

C 

001 

0 1 O I 

1 

o 

/ 

0 

1 


0 


6 

o' 

001 

... 

5 


6 

i 

- 

0 

- 

0 

y 

1 19 

-46 

4 

13 

1 

1 

45° 

13 30 

0 

29 

*f 

»» 

-45 

2 

13 

58 

1 


ii 

0 

28 

z 

2 2 17 

4-44 56 

i 

14 

26 

1 

»> 

14 16 

4 

10 

1 

1 18 

4*45 4 

3 

14 

50 

1 

>» 

16 7 

4 

17 

1 

fl 

- 45 

i 

14 

61 

l 

»* 

•i 

0 

16 

1 

it 

4*46 

i 

15 

89 

- 

ii 

ii 

0 

32 

1 

M 

4~45 4 

- 

15 

43 

1 

M 

•i 

* 

36 

AT 

1 16 

~ 44 21 

1 

19 

32 

4 

*> 

19 49 

39 

17 


1 15 

-46 52 

1 

22 

11 

i 

»i 

23 23 

52 

1 12 

f ! 

1 15 

4-44 45 

1 1 

23 

7 

21 

it 

ii 

15 

16 

f i 

»• 

-45 

* 

23 

13 

- 

»» 

l» 

0 

10 

f 

i» 

4-45 16 


23 

23 

2 

ii 

II 

15 

0 

f 


4-4* 56 

21 


1 

»i 

II 

4 

0 

f 

•• 

-45 20 

1 

24 

20 

5 

ii 

II 

20 

67 

I) 

6 6 23 

-45 4 

1 

29 

8 

3 

ii 

29 26 

4 

18 

D 

•» 

4-44 46 

2 

29 

28 

4 

ii 

ii 

14 

2 

h 

1 18 

+45 9 

i 

36 

5 

l 

n 

85 47! 

9 

18 

b 


-44 53 

4 

36 

12 

5 

ii 

*• 

7 

25 

** 

2 77 

-1617 

0 

56 

26 

* 

15 57 

67 60 

20 

1 24 

7r 

l 83 

+18 67 

20 

57 

42 

4 i 

18 26 

5S Jlj 

81 ! 

29 





214 


0. D. 6MJTH AND L. A. COtTON. 


Crystal No. 6.—Three sides of this crystal were avail* 
able for measurement. The dominant forms are c, f and l. 
The second order pyramids are represented by e which is 
not however well developed. The forms d and p are also 
worthy of mention as they represent faces with simple 
indices. 


TABLE VI. 


Facr. 

Miller 

Jndtoe*. 

Measured <£, 

E <f>, 

Measured 

p • 

V 

Calcul¬ 

ated 

<f>- 

Calou]* 
uted p , 

8^. 

Bp. 



9 t Of 

/ 

0 


I 


O / 

O 1 

o / 

C 


- 

1 


0 

- 

- 

0 

• 

■Kl 

o' 


- 

10 


21 

6 

— 

0 

* 

21 

# e 

0 11 

8 36 

— 

58 

42 

- 

46° 

56 49 

2 86 

158 

•Y 

1 1 18 

+47 57 

2 

6 

47 

* 

n 

6 51 

2 67 

4 

*Y 


+48 48 

2 

7 

7 

i 

»f 

n 

217 

16 

•y 

1 19 

+48 87 

* 

11 

46 

i 

if 

18 80 

128 

144 



+47 9 

1 

12 

12 

* 

ii 


2 9 

1 18 


ft 

+46 60 

- 

18 

5 

* 

ii 

|! 

1 50 

25 

»• 

If 

-44 80 

2 

18 

o 

88 

ii 


80 

HI 

*1 

l 18 

+46 86 

4 

14 

24 

5 

ii 

16 7 

ETH 

48 


i» 

+46 87 

6 

14 

61 

j 

if 

>i 

187 

16 


ti 

+40 15 

i 

15 

80 

2 

ii 


445 

28 

M 

it 

-44 27 

2 

15 

40 

7 

ii 


88 

88 

H 

M 

-45 67 

8 

16 

15 

- 

>f 

M 

57 

1 8 

• 

•• 

»i 

+46 18 

* 

16 

22 

i 

ii 

,, 1 

1 18 

1 15 

*k 

1 17 

- 48 45 

2 

18 

27 

8 

it 

17 10 

1 15 

1 17 

•r 

1 16 

-48 51 

1 

20 

6 

4 

ii 

19 49 

1 9 

17 

a 

2 2 11 

+45 2 

1 

21 

5 

7 

ii 

21 28 

2 

28 

p 

HIM 

-45 10 

1 

22 

5 

2 

ii 

22 6 

10 

0 

*» 

ii 

-44 50 

1 

22 

29 

6 

n 

•i 

10 

24 

n 

fi 

+45 6 

* 

22 

87 

8 

ii 

»i 

6 

82 

r 

1 15 

+45 

1 

28 

18 

8 

ii 

28 23 

0 

10 

f 

ii 

-45 62 

2 

28 

85 

1 

ii 

H 

62 

12 

•f 

1 15 

-45 58 

- 

24 

EH 

- 

ii 

• 9 

58 

1 7 

•d 

1 14 

+46 6 

o 

27 

44 

10 

ii 

28 28 

l 6 

89 

•* 

ii 

-45 2 

18 

27 

66 

4 

ii 

ii 

2 

27 

*„ 

M 

+151? 

19 

29 

21 

7 

ii 

ii 

118 

58 

•„ 

If 


1 

u 

44 

i 

it 

ii 

450 

2 21 

p 

1 11 

+44 491 

i 

64 

ITill 


ii 

6511 

11 

81 


>1 

+45*551 

2 

66 

46 1 

- 

ii 

II 

68 

185 
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Crystal No. 7.—This crystal also possessed three sides 
which could be measured. The forms c, f and d are promin¬ 
ently developed. All the other forms present possess at 
least one good representative face. 

TABLE Vlb. 


Far**. 

Miller 

Indices. 

Measured E0. 

Measured 

P • 

*p 

Calcul¬ 

ated 

</>• 

Calcul¬ 

ated 

8</>. 

Sp. 

0 

001 

0 / o / 

1 

o 

0 

3 


o / 

0 

o > 

t 

0 

c' 

001 

mmmmm 

3 


4 


— 

0 

_ 

4 

S 

1 1 10 

+44 66 

- 

12 

86 

- 

46° 

12 12 

6 

24 

*1 

1 18 

4-43 89 

- 

16 

10 

- 


16 7 

l 21 

3 

l 


+46 42 

- 

16 

31 

- 

*» 

16 7 

42 

24 

k 

1 17 

-44 57 

- 

17 

16 

* 

iP 

17 10 

3 

6 

ft 

1 16 

-44 51 

- 

19 

21 

2 


19 49 

9 

28 

G 

2 2 l\ 

+45 

“746 

i 

21 

26 

1 

»» 

21 28 

0 

2 

F 

8 8 16 

2 

22 

4 

2 

»> 

22 6 

0 

l 

f 

1 16 

-44 35 

- 

28 

25 

- 

»* 

23 23 

26 

2 

f 

it 

446 10 

1 

23 

29 

- 

<• 

» 

10 

6 

f 


-44 28 

- 

23 

57 

- 

»» 


32 

34 

d 

1 14 

-44 29 


27 

66 

- 


28 23 

31 

33 

d 


4-44 35 


28 

12 

- 

ii 

ii 

25 

11 

d 


+45 14 

2 

28 

32 

- 

h 

»i 

14 

9 

d 

M 

4-44 54 

' 15 

28 

44 

- 

i* 

i» 

6 

21 


The following table gives the mean values of <f> and /> and 
their differences from the calculated values. It also shows 
the number of faces considered in deducing these mean 
values and the variations in their measurements. 
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TABLE VIII. 


Form, 

Miller 

Indk**, 

No, of 

FkOfi. 

Range of 

Range of p. 

Mean <£ 

Mean p 

Calcul¬ 
ated <f>. 

Calcul¬ 

ated^. 


Sp. 

r 

018 

1 

0 1 0 1 

0 ) 0 1 

0 ) 

1 4 

0 / 

2817 

0 / 

0 

0 t 

87 I 

• i 

1 4 

« t 

1 16 

e 

Oil 

1 



6 

6716 

0 

56 49 

5 

27 

e 

088 




44 

65 8 

0 

66 87 

44 

124 

X 

004 

1 



10 

78 46 

0 

78 48 

10 

2 

Y 

1118 

1 


... 

47 67 

6 47 

46 

6 61 

2 67 

4 

S 

11 10 

2 

41 66-45 60 

12 36-12 41 

46 6 

12 38 

45 

1212 

5 

26 

y 

119 

6 

44 80*46 0 

13 21-18 61 

44 68 

13 43 

45 

13 80 

2 

18 

z 

22 17 

1 

... 

# ^ 9 

44 56 

14 26 

45 

1416 

4 

10 

l 

118 

10 

44 27-45 42 

14 26-16 2 

44 67 

16 13 

45 

15 7 

8 

6 

k 

11 7 

2 

44 40 - 44 67 

16 42-17 16 

44 60 

17 2 


17 10 

10 

8 

* 

116 

8 

44 4-44 51 

18 59-19 82 

44 40 

19 81 

45 

19 49 

20 

18 

0 

8211 

8 

44 48*45 2 

21 5-21 26 

44 66 

21 21 

45 

21 28 

4 

7 

F 

8816 

5 

44 39 - 45 10 

22 4-22 87 

44 58 

22 18 

45 

22 5 

2 

13 

t 

118 

19 

44 28 - 45 61 

28 7-24 20 

45 

23 26 

45 

28 28 

0 

3 

d 

114 

7 

44 1-45 14 

28 12-28 66 

46 6 

28 85 

45 

28 23 

6 

12 

D 

66 28 

8 

44 46*45 18 I 

29 8-29 28 

45 2 

29 17 

45 

29 26 

2 

9 

b 

118 

2 

44 53 * 45 9 j 

36 5-86 12 

45 1 

86 8 

45 

36 47 

1 

21 

w 

225 

1 


141 

43 45 

40 52 

45 

40 51 

1 16 

1 

P 

111 

8 

44 49*45 60 

61 40-65 54 

44 58 

65 20 

46 

65 11 

2 

9 

z 

277 

1 


• 44 

1617 

60 26 

15 67 

67 60 

20 

124 

IT 

188 

1 

,,, 

• 41 

18 67 

57 42 

18 26 

5811 

81 

29 

X 

348 

1 

... 


86 2 

07 19 

36 62 

68 22 

60 

1 8 


The stereographic projection (Plate XV) exhibits most 
of the forms iu the above table. Some have been 
omitted to avoid confusion. 

The combinations of the forms present on each crystal 
are shown in the table below. The asterisk has the same 
significance as in the previous tables:— 

Crjital o t e 0 X Y S y Z 1 It g 6 P f 1 Db t i' ps 


No. i 0 - e-- - y - - - --f---- - 

„ 8 c - - 0*X - - y - - g*-f d*---p* xe 

„ 8 o--- k g» 6 P I-w* - -- 

„ 4 or*-8* - - 1--d D - - - - - - 

„ 6 e - -- - y Z1 - g-f - D b - i* ir - - 

M 6 o - c*-Y* - y - 1 k* g* G P f d-- - - p - 

„ 7 o - -- 8-i* k <r OP ( d___ - 


The most prominent faces developed as shown by the 
above tables arc:—c, y, l , k, g, 0, F, f and d, of these the 
faces e, y, l and p are the most common. 
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Form C.—la all tho crystals two basal planes were 
present, one of which showed a fairly good signal and the 
other a poor one. The angles between the basal planes as 
reoorded vary from 4' to 21'. 

Forms y and 1.—These are closely related as they 
represent the 119 and 118 faces respectively. The former 
has been found prominently developed on stolzite. 1 

Form f .—The faces belonging to the form f (115) are 
developed on all the crystals measured, with the exception 
of crystal 4. This crystal appeared on inspection to be 
similar to the others measured. Very possibly this is due 
to the form d (114) being more prominently developed than 
in the case of the other crystals. The readings for the 
faces of the form f were so constant that this face was 
taken as the standard. Eighteen faces of this form were 
developed. The p’s of four of them were exactly 23° 23'; 
the mean reading of the 19 faces developed gave the value 
as 23° 26'. 

Knowing that the crystals measured were related to 
wulfenite and stolzite, the measurement of these minerals 
as recorded in Goldschmidt were referred to, in order to 
connect them with the crystal measurements if possible. 
The standard value 23° 23' was nearest the value 26° 22' 
which was the p for the 229 faces on wulfenite. Assuming 
the indices of the standard face to be 115, the p for the 
Oil face was brought into the closest agreement with that 
for the Oil face of both wulfenite and stolzite. 

By means of this standard face the value of the “c” axis 
was determined as :— 1. 5291 

That of wulfenite is 1. 5774^, 

That of stolzite is 1. 5606. 

1 E. Artini, Uber den Stolzit von Bona, Padru (Ozieri) Zeifc. f. Kryst. 
Vol. XLIII., pp. 422*3, 1907. 

9 Goldschmidt, Krystallographische Winkelt&beilen. 
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The examination of the crystals from the measurements 
in the tables show that they belong to the tetragonal 
system. The scanty development of ditetragonal pyramids 
and the entire absence of any prism faces renders it some¬ 
what doubtful as to which group the crystal belongs. The 
marked difference in the degree of development of the 
basal planes suggests that the orystals may be hemimorphic. 
This unequal development of the basal planes has been 
recorded both for wulfenite 1 and stolzite. 5 Provisionally, 
therefore, the crystals have been classed in the pyramidal 
hemimorphic group. 

The following table shows the faces common to the 
crystals measured, wulfenite and stolzite respectively:— 


013 

1. Ohillagite. 

r 

2. Wulfenite. 

T 

3. Stolzite. 

T 

Oil 

0 

6 

e 

032 

0 

0 

— 

*113 

b 

b 

b 

111 

P 

P 

P 

133 

7r 

7r 

7r 

*115 

f 

— 

f 

*117 

k 

— 

k 

*119 

y 

- 

y 


The forms marked with an asterisk have been recently 
recorded as new for stolzite." It thus appears that though 
in their occurrence the crystals are associated with 
wulfenite, their crystal measurements are more nearly 
related to stolzite. 

The value of c axis is not intermediate to that of stolzite 
or wulfenite, but is less than that of either of these minerals. 

* Charles A. Ingersoll, On Hemimorphic Wulfenite Crystals from 
New Mexico. Am, Jour. Science, 1894. 

• Dr. C. Hlawatsah, On Stolsite and a new Mineral Baspite from Broken 
Hill. Bee. fleol. 8urv. N.S.W., 1898, Vol. vi. Part 1, pp. Cl - 61. 

■ E. Artini, lot. tit. 
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It is possible that a small percentage of scheelite or fer- 
gusonite molecules may be present, and this might account 
for the low value of c. 4 Moreover the value c for chillagite 
differs considerably from the range of values recorded for 
stolzite or wulfonite. The values of c recorded for stolzite 


(1) 

1.5576 1 

(6) 

1.5813 * 

(2) 

1.5579 * 

(7) 

1.5631 * 

(3) 

1.5586 * 

(8) 

1.5667 1 

(4) 

1.5597 2 

(9) 

1.5692 s 

(5) 

1.5606 * 




For wulfenite the only values of c found were :— 

1.7771 1 1.7774 5 

There thus appears to be some evidence in favour of the 
crystals representing a new mineral, but more is needed 
before this can be definitely established. 

Our thanks are due to Dr. O. Anderson of the Australian 
Museum for advice in connection with part of the work. 

Explanation op Plates. 

Plate XV is the Stereographic Projection of most of the forms 
found. A numlier of important forms have been omitted 
to avoid confusion in the figure The forms represented 
by open circles are not so well developed as those represented 
by the black dots. 

Plate XVI, fig. 1 is an Orthographic Projection of Crystal 2. 

Fig. 2 is the corresponding Clinographic Projection of Crystal 2. 


1 Zeit. f. Kryst. Vol. xliii, 1907. a Hlawatsch, loc . tit. * Hlawatsch, 
Uber Stolzit and Raspit von Broken hill, Zeit f. Kryst. Vol. xxix. * Zoit. 
f. Kryst. Vol, xlv, 1908, p. 98. 6 A. Levy, On a tungstate of lead, Ann. 

of Phil],, Neue Serie, xn, p. 301. " Goldschmidt, loc. cit. 
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ON ROOK SPECIMENS FROM CENTRAL AND 
WESTERN AUSTRALIA. 

Collected by the Elder Scientific Exploring 
Expedition of 1891-2. 

By J. Allan Thomson, b.a., d.so. f.g.s. 
(Communicated by Prof. David, BA., c.M <s., F.H.8., lion D.S., Omn.) 

[With Plate XIV.] 

[Read before the Royal Society of N. S. Wales, November J, 19tJ .J 

The rocks described in the present paper were presented 
to Professor David by Mr. Richard Helms, the naturalist 
of the Elder Scientific Exploring Expedition of 1891-2. 
Through the kindness of the former gentleman the writer 
was permitted to examine the collection and prepare the 
following notes on the rocks. 

The expedition, well equiped by Sir Thomas Elder, crossed 
from South Australia to the Murchison Goldfield in the 
years 1891 and 1892. 1 A large number of rock specimens 
were collected all along the route, and a brief account of 
these, and of the chief geological features of the country 
passed over has been given by Mr. Victor Streieh. 9 The 
rocks here described appear to be in some respects supple¬ 
mentary to those listed by Mr. Streieh. One of them 
comes from Fraser’s Range, E.N.E. of Norseman, W.A., 

1 Cf. Lindsay, D., Journal of the Elder Scientific Exploring Expedition. 
1891-2. With Maps. Adelaide, 1893. 

• Trane. Roy. So©.. South Austr., Vol. xvi. Part n, 1898, pp. 74- 110 j 
also Stelzner, A. W„ Supplementary Notes on the above named Collection 
ibid,, pp. 110-2. Tate, R , Appendix. List of Rock-specimens collected by 
Mr. Wells, Second Officer, on a Journey east from Murchison Goldfield. 
ibid., pp. 113-5. Map of route showing position of camps and geological 
formations, ibid., facing p. 236. 
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the other sixteen come from localities between the Barrow 
Ranges and the Everard Range, t.c. between longitudes 
127° M. and 132° E., and latitudes 25° S. and 28° S. 

Considerable practical interest attaches to the geology 
of this region. In the first place it lies not far north of 
the country to be traversed by the proposed Transconti¬ 
nental Railway from Port Augusta to Kalgoorlie or Esper- 
ance; and in the second, it lies to the east of the great 
belt of gneiss that forms the eastward boundary of the gold¬ 
fields of Western Australia, and there is still the possibility 
that new gold-fields will be found once the gneiss is crossed. 
The rocks, however, are not of a nature to give us as much 
information on the solid geology as might have been hoped, 
since they appear to be in large measure dyke rocks; on 
the other hand, some of them possess great intrinsic 
interest. 

The gneissose belt referred to has been recently traversed 
and described by Mr. C. G. Gibson, for the Geological 
Survey of Western Australia. 1 His map shows a large 
granitic or gneissic belt lying east of the greenstone belt 
in which Kauowna, Bulong and Mount Monger lie. The 
belt trends to the north-cast and is succeeded on the cast 
by the Tertiary limestones of the Hampton Tableland, 
Lindsay’s route in this part lay entirely within the gneiss, 
and this accounts for the paucity of fundamental rocks 
collected, for the gneiss area is largely covered by sand and 
spinifex flats. Streich considered this part of the country 
as “the most westerly part of the Great Australian meso- 
zoic basin.” The outcrops which he considered mesozoic, 
viz., “ a system of terraces, having a general N.W. and S.E. 
trend, their strata dipping at a low angle to the North- 

1 The Geological Features of the Country lying along the Route of the 
Proposed Transcontinental Railway in Western Australia, Bull. 37,Geol. 
Surv. W.A., 1909. 
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Hast ” are probably superficial deposits of desert origin 
similar to the surface quartzites of the South African arid 
regions* Dr. J. M. Maclaren has informed me that he has 
found such terraces northwards from Leonora, and that he 
considers them of analogous origin to the ferruginous 
laterites of Western Australia, and proposes to designate 
them by the name of “siliceous laterites.” 

The only rock in the collection from the southern end of 
this gneiss belt is that from Eraser’s Range. It is practi¬ 
cally identical with a rock collected by Gibson from Simon’s 
Hill, B’raser’s Range, and labelled “gneiss” in the Register 
of the Geological Survey of Western Australia (No. 8696). 
Besides garnetiferous gneiss, garnetiferous mica schist and 
pegmatite from Fraser’s Range. Streich records a horn- 
blendic schist as forming the main mass of the range, of 
which rock Stelzner writes:—”671 is according to the 
microscopic examination of the rock section, an undecom¬ 
posed diabase, which is distinguished on account of its 
containing highly pleochroic augite and biotite and apatite 
as accessory components.” This is obviously the rock now 
to be described. 

The hand specimen is a dark, distinctly banded rock, the 
banding being due to the separation of the felspathic and 
the femic minerals into poorly defined layers. Microscopic 
examination shows that the latter minerals consist pre¬ 
ponderating^ of hypersthene, with subordinate biotite and 
rare hornblende. Iron ores and apatite are the only 
accessories (Fig. 1, Plate XIV). The felspars are some¬ 
times twinned on the albite and pericline laws, but the 
twinning is fine and not very constant, and is absent in 
many of the crystals. They all possess refractive indices 
superior to that of Canada Balsam, so may be all referred 
to plagioclase. The largest extinctions on symmetrically 
placed albite lamellae amount to 19°, indicating a species 
at least as basic as andcsine. The felspars never show 
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crystal outlines, but form a polygonal mosaic of uneven 
grain. No evidence of cataclastic structure is seen, but 
strain shadows are not rare. The hypersthene is a little 
schillerised, strongly pleochroic variety with rose-red to 
green tones, and is optically negative with a fairly high 
optic axial angle. It occurs in irregular layers which have 
a rude parallel arrangement, but within the layer the 
mineral is not definitely oriented. It has sometimes con¬ 
siderable tendency to idiomorphism, but when surrounded 
by felspars occurs in more rounded forms. Closely associ¬ 
ated with, and often penetrating, the hypersthene is a 
considerable amount of reddish-yellow to black biotite. 
In Helm’s specimen, but not in Uibson’s, there is a little 
common green hornblende intergrown with the hypersthene. 
Apatite is fairly abundant in stout prisms with a general 
elongation in the direction of the banding. Fig. 1, Plate 
XIV, gives an adequate idea of the relative proportions of 
the different minerals. 

While it is not impossible that the rock belongs to the 
gneissic series, its structure and mineralogical composition 
suggest, as more probable, that it is of directly igneous 
origin, as Stelzner supposed, and is a norite with feeble 
protoclastic structure and well marked fluxion banding. 
The presence of hypersthenic dyke rocks at Norseman 1 
makes the presence of norite dykes in the Fraser Range 
quite probable. 

The northward extension of this gneiss belt has not yet 
been delimited by the Western Australian Geological 
Survey. Apparently the western margin turns north 
towards Burtville, where the gneiss is found a few miles 
east of the town. 2 The eastern boundary is unknown in 
the northern part. 

1 Campbell, W. D., The Geology and Mineral Resources of the Norse¬ 
man District, Dundas Goldfields, Bull. 21, G«ol. Surv. W.A., 1P06, p. 24. 

• Gibson, C. G., The Laverton, Burtville and Erlistown Auriferous 
Belt, Mount Margaret Goldfield, Bull. 24, Geol. Surv. W. A., 1906, pp. 29,30. 



296 


J. A. THOMSON 


Two rocks in the Helms’ collection are possibly to be 
referred here. The llrst is labelled 44 12 miles N.W. of Oarap 
23, 17/7/91,” f.c., in the northern part of the Blyth Range* 
It has the appearance and mineralogieai composition of a 
hornblende granite, but some peculiarities in structure, 
though neither hand specimen or section show any parallel 
structure. Both orthoclase and quartz are abundant, 
together comprising the bulk of the rock, and the first 
peculiarity is the relation of these two minerals. Large 
pseudoporphyritic plates of orthoclase are found enclosing 
small rounded grains of quartz in poecilitie fashion (Fig. 2, 
Plate XIV). Such a structure, if original, as there seems 
no reason to doubt it is, may be explained by the fact that 
the magma originally contained quartz in excess of that 
required for the quartz-felspar eutectic. 1 The structure 
is, however, further complicated by the presence of a thin 
zone of quartz-felspar intergrowth between the host and 
the enclosed mineral. Outside the large plates of ortho¬ 
clase such intergrowths are very abundant, but are always 
of fine grain, and have a great tendency to resemble grid¬ 
irons rather than the script-like forms that have given rise 
to the term ‘graphic.’ Their presence between the ortho¬ 
clase and enclosed quartz suggests that they are not 
original, but of the nature of 4 myrmekite,’ a type of struc¬ 
ture which in Sweden and Finland is taken to prove great 
metamorphism and the Archaean age of the granite. 8 Besides 
orthoclase there is also a smaller amount of microcline and 
oligoclase, both bouuded by similar intergrowths. The 
oligoclase is sometimes included within the orthoclase. 
All these minerals occasionally show strain shadows. The 

1 Of., quartz in oligoclase. Dwerryhouse, A. R., On some Intrusive 
Rocks in the Neighbourhood of KBkdsle (Cumberland), Q.J.G.8., lxv, 
1909, pp. 68 and 70. 

• Holmquist, J. P, Studien uber die Granite von 8chweden. Bull. 
Geol. Inst, Upsala, vif, 1904-5, Nos. i3, 14, p. 116. 
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dark minerals, iron-ores, hornblende and biotite occur in 
intricate clusters, along with much apatite and a little 
zircon. The hornblende is almost opaque from dusty 
magnetite inclusions, is intimately penetrated by biotite 
and is embraced by compact iron ores, around which and 
in the bays of which biotite is freely developed. The rock 
may therefore be interpreted as a hornblende granite, 
probably belonging to the gneiss series. 

The second rock is labelled 44 10 miles E. of Camp H3,” 
i.e., from the east of the Barrow Range. Streich states 
that the Barrow Range consists of eruptive granite, but 
mentions the occurrence ten miles east of the range of two 
small 44 isolated hills of granulite, which is distinctly 
stratified with a low angle of dip towards south.” Stelzner 
remarks of one of these specimens that 4,4 it resembles so 
closely the granulite of the Saxon granulite-ellipsis that it 
could have been found there as well.” The present speci¬ 
men is distinctly banded in yellow and dark layers, and 
presents considerable superficial resemblance to the more 
yellow varieties of jaspers so abundant in the goldfields of 
Western Australia. It differs from them, however, in a 
profusion of small red garnets, which when examined with 
a lens show no sign of crystal faces. In addition the lens 
reveals an abundance of an elongated well cleaved colour¬ 
less mineral with adamantine lustre. 

' In section the latter mineral shows prismatic forms, with 
a perfect longitudinal cleavage, lias straight extinction, 
positive elongation, and a birefringence considerably 
superior to that of quartz (between '015 and *020 according 
to Levy and Lacroix’s colour scale). Basal sections are 
approximately quadrate in shape, and by their study the 
mineral is shown to be almost uniaxial and optically posi¬ 
tive; the opening of the axial blushes is almost impercep¬ 
tible. An examination of tho crushed mineral in liquids of 
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known refringence prove the maximum refractive index to 
be in the neighbourhood of 1*658. This combination of 
properties precludes identification with any well known 
uniaxial mineral. To test the possibility of the mineral 
being phenacite, Mr. G. J. Burrows very kindly undertook 
a qualitative examination of the rock for beryllium, but 
with negative result. There is no common biaxial mineral 
of low axial angle which agrees in all the above characters, 
and as the amount of material was too small to permit of 
isolation and chemical analysis, the mineral must be left 
unidentified for the present. 

The other minerals present are quartz and orthoclase in 
large amount, magnetite in smaller quantity and occasional 
crystals of zircon. The yellow colour of the rock is due to 
staining by limonite, the orthoclase in particular being 
striated by plates of this mineral along the cleavage planes. 
The quartz and orthoclase form an uneven grained mosaic 
with a limonitic cement, a structure which in many respects 
suggests a clastic origin. On the other hand the nearly 
constant orientation of the unnamed mineral, and an alter¬ 
nation of bands of clear mosaic with other bands containing 
magnetite and limonite points more strongly to a parallel 
structure developed in situ (Fig. 3, Plate XIV). It is 
reasonable to suppose that the rock is a member of the 
gneissose series. 

There is only one rock that resembles the rocks of the 
auriferous areas or Western Australia, and it is from the 
Oavanagh Range. The hand specimen is a light green 
aphanatic rock, which shows when wetted a few veinlets 
of lighter colour. The section shows that it consists pre¬ 
dominatingly of fine, grained albite and clinozoisite with 
smaller amounts of a pale actinolite, chlorite, sphene and 
accessory apatite. The felspars, in bundles of sub-radiating 
prisms, form a network within which the other minerals 
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lie in characteristic forms, clinozoisite and sphene in 
granules, actinolite and chlorite in more or less elongate 
prismatic forms. There arc in addition a few nests of 
secondary quartz and epidote, while the veinlets are seen 
to consist of clinozoisite with a little sphene. The rock is 
a flue grained amphibolite, rather more felspathic than 
usual. 

Rocks very similar to this are of frequent occurrence in 
the goldfields of Western Australia, e.g., Kalgoorlie, Norse¬ 
man, the Murchison Valley, etc. They seem to form the 
country into which large dykes of coarse grained basic 
rocks, now also amphibolites, have been intruded, and may 
therefore be termed the older amphibolites. As a rule 
these fine grained amphibolites are not conspicuously auri¬ 
ferous, except near the contact of graphite or quartz- 
porphyry. The specimen, however, is of considerable 
importance in showing that the rocks of the known aurifer¬ 
ous belts are found as far eastwards as the Oavanagh Range. 

The remaining rocks arc probably intrusive, though the 
interpetation of some is not without doubt. A rock from 
Skirmish Hill (22/7/91) is probably to be identified as a 
much altered quartz porphyry. The hand specimen is grey- 
black and aphanatic except for red phenocrysts of felspar. 
In section these phenocrysts are excessively turbid, but 
may be identified as orthoclase in many cases, although an 
acid plagioclase also appears to be present. Apatite occurs 
in large prisms of such size as to deserve the name of 
phenocryst, and magnetite also occurs in large grains. 
Much more abundant than the felspar is quartz, in very 
perfectly elliptical shapes. Sometimes these are occupied 
by one large plate of quartz, with a marked rim of dusty 
inclusions at a short distance from the margin, or a mar¬ 
ginal fringe of small grains, at other times by a mosaic of 
grains of smaller size. Though bearing much resemblance 
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to amygdules, these eltiptical plates of quartz may perhaps 
be more correctly interpreted as corroded phenocrysts 
round which a secondary deposition of quartz has taken 
place. The groundmass consists of a fine grained structure¬ 
less aggregate of quartz, turbid felspar and magnetite with 
an abundance of chlorite much stained by limonite. The 
rock is therefore a porphyry, and perhaps a quartz-porphyry. 
Streich states that Skirmish Hill is composed in the main 
of a porphyritic syenite. 

Another rock, certainly a dyke rock, is labelled Oavanagh 
Range. It is a dark grey, very finely crystalline rock in 
hand specimens. In section it is seen to be porphyritic, 
the phenocrysts being in part small euliedral prisms of red- 
violet, slightly pleochroic titaniferous augite, and in part 
much larger pseudomorphs of some earlier mineral. The 
pseudomorphs now consist mainly of chlorite (pennine) with 
a less amount of carbonates, sphene and flakes of trcinolite. 
Their forms are distinctly suggestive of olivine, although 
if they represent this mineral, the alteration is an unusual 
one. The groundmass of the rock is made up largely of 
small prisms of brown-green hornblende, often green ou the 
margin. They contain occasional small kernels of augite 
and arc surrounded by short fibrous outgrowths of paler 
hornblende. Next in importance comes felspar in short 
multiply twinned lath-shaped or radially built forms. The 
low birefringence, refractive indices less than that of 
Canada Balsam, and extinction angles up to 15°, refer the 
species to albite. Here and there large nests of yellow 
epidote arc found, in whose neighbourhood the hornblende 
is chloritised and carbonates are abundant. Small iron 
ores are plentifully scattered throughout the groundmass; 
their form refers them to the magnetite group, while a 
partial alteration into sphene shows that they are titan¬ 
iferous (titanomagnetite). 
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The rock is certainly an augite-hornblende lamprophyre, 
probably a camptouite. It is the first rock of this class so 
far found in Western Australia. 1 

A rock of very peculiar character may be described here, 
as it has some faint resemblance to the camptouite just 
described, (Cavanagh Range, 31/7/91). It is probably the 
rock referred to by Streicli as taehylite, of which Stelzner 
remarks:— 14 This rock is of such an extremely fine grain 
that I cannot determine it, oven with the aid of the micro¬ 
scope on rock sections.” The hand specimen is a dark 
aphanitie rock with some superficial resemblance to a 
taehylite, but contains a few clear patches of quartz and 
small geodes containing pyrites. The section (Fig. 4, 
Plate XIV) shows a number of small elliptical and larger 
irregularly shaped areas formed of small rods of almost 
opaque material grouped together like bundles of faggots; 
between these bundles and acting as a cement are 
clearer areas consisting of irregular biotite flakes and an 
indeterminate green mineral in a fine grained quartz base. 
The green mineral possesses a higher birefringence and 
lower refringence than the biotite, but a similar absorption 
and a pleochroism from opaque to dark green or yellow. It 
appears to be uniaxial or feebly biaxial, is optically nega¬ 
tive with positive elongation. The dispersion is very strong, 
comparable to that of cliloritoid, from which, however, it 
differs in its direction of maximum absorption and its lack 
of polysynthetic twinning. Most often it occurs in shapeless 
plates, but occasionally gives lozenge-shaped sections. 
These differ from hornblende only in the absence of cleavage 
planes. The mineral thus appears to be intermediate 
between biotite and chloritoid in its characters, and may 
possibly be pseudomorphous after hornblende. 

1 The rocks described as camptonites by Simpson and Olnuert from the 
Philips River Goldfield appear to the writer to be really contact-altered 
amphibolites, Bull. 85, Geol. Surv. W.A.., 1909, pp. 42-3. 
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The faggot-like areas give an aggregate polarisation 
colours like those of carbonates, but under high magnifica¬ 
tion this is seen to be duo to the presence of numerous 
minute flakes of biotite. The small rods appear most often 
to be opaque, but on the edges of the section they are seen 
to consist of the green mineral described above. Finally 
there are a few elliptical areas like amygdules, consisting 
of coarse grained quartz and large flakes of biotite. 

The interpretation of such a rock is impossible without 
field work to fix its geological nature, and in case it is an 
alteration product, to enable one to trace stages from some 
recognisable form. Assuming the small rods to be pseudo- 
rnorphous after hornblende, the rock might represent a fine 
grained amphibolite or more likely a camptonite such as 
that described above. Such an assumption is, however, 
little removed from guesswork. The rock is certainly not 
a tachylite. 

The remaining ten rocks, though not all from the same 
locality, form a distinct and related group. They show a 
graduated mineral composition, and differ chiefly in grain 
size. They arc remarkable for the freshness of their 
felspars and pyroxene, and although the olivine and iron 
ores are at times somewhat altered, there is no sign of 
saussuritic, sericitic, chloritic or epidotic alteration pro¬ 
ducts. They must, therefore, be assumed to be of much later 
age than the gneissose, and probably also the dyke rocks, 
just described. They are for the most part holocrystalline, 
coarse grained and almost black, the felspars being so 
transparent as to affect the colour of the rock very little. 
The mineral composition is that of gabbros or norites, but 
on account of the perfect ophitic structure displayed, the 
term dolerite is preferable. The more basic rocks contain 
much olivine, the most acid contain free quartz in micro¬ 
pegmatite, while the whole series is characterised by the 
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small amount of iron ores and a great richness in ferro- 
magnesian minerals, viz. olivine, hypersthene and enstatite 
augite. The following table shows the mineral composition, 
the rocks being arranged approximately in order of their 
basicity:— 


Olivine 

Hypersthene ... 

Enstfttite-augite 

Augite. 

Py roxene-perth i te 
Hornblende ... 

Biotite... 

Iron ores 
Apatite 
Plagioclase 
Orthoclase 
Quart/... 

f An important constituent. * A minor constituent. - Absent. 

7. Near Camp 9, 23/6/91. 8. Mills near Camp 5, 20/6/91. 9 t 

Zig Zag Range, 15/7/91. 10. Near Camp 8,23/6/91. 11. Thirteen 

miles west of Dep6t /, 19/6/91. 12. Cavanagh Range. 13. Cavanagh 

Range , 29/7/91. 14. Near Depdt I } Cap of Range two and a half 

miles distant. 15. Cap of Granite Range, Depot /, Camp I. 9/6/9!. 
16. Cavanagh Range, 21/7/91. 

The above table displays the interesting fact that while 
orthoclase and biotite are present in almost all the rocks, 
hornblende appears only in the acid rocks concomitantly 
with the disappearance of olivine. 

The iron ores are seldom abundant, and oxhibit variable 
relationships. In No. 7 they are quite idiomorphic to 
hypersthene and orthoclase, but present a broken outline 
towards plagioclase, to which they appear to be posterior. 
In other oases they are distinctly moulded on the plagioclase 
and also on the pyroxenes. In No. 7 the species is ilmenitc, 
but iu the others it appears to be a titaniferous magnetite, 
to judge from the octohedral sections and the very slight 
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leucoxenic alteration on the borders of some grains. A 
small amount of secondary magnetite is found in the olivine 
of some of the specimens. 

Olivine occurs plentifully in the more basic rocks. Some¬ 
times it is clear, with only a slight separation of iron ores 
along the cracks, and is a variety with an axial angle 
approximating 90° (No. 7), and occasionally shows a slight 
schiller structure (No. 11). In No. 14 it is of a violet colour 
and is always surrounded and apparently partially replaced 
by iron ores. In the other rocks, when present, it shows 
an incipient or complete alteration into a brown or green 
biotite-like mineral of high birefringence that may be 
referred to iddingsite, accompanied in No. 12 by a consider¬ 
able amount of iron ores and talc. The olivine is sometimes 
of early crystallisation (Fig. 1), but is sometimes ophitic to 

the plagioclase (Figure 6, 
Plate XIV). It never 
shows perfect crystal out¬ 
lines, but occurs in more 
or less embayed forms, 
which are sometimes cre- 
sentic when the mineral 
is enclosed in a pyroxene. 
There is in places a con¬ 
siderable amount of hyper- 
stliene interposed between 
the olivine and felspars. 

The pyroxenes are very 
interesting in their rela¬ 
tions. A rhombic pyroxene referable to hypersthene on 
account of its optically negative character but with some¬ 
what variable intensity of pleochroism, is abundant in the 
basic rocks. It is usually subordinate in amount to the 
monoclinic pyroxenes, but in No. 7 it predominates in 



Fig. 1. —Oliirine dolerite with 
hypersthene and enstatite-augite. 
No. 13. Cavanagh Range. Crossed 
nicols. Magnification 15 diams. 
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typically ophitic forms. 
In some cases it veins 
the augite in a peculiar 
manner that suggests 
coarse intergrowths 
(Fig. 2) and at times is 
clearly intergrown with 
the enstatite-augite on 
a flue scale (Fig. 5, Plate 
XIV). 

The monoclinic pyrox- 

Figure 2.— Polynomatic group of enes, though all optically 
enatatilfi-anyite with inlvrgrawlh of positive, vary consider- 
hypersthenj. Do/eriU Cayanagh ab)y it , ( , 1)tical ang , 

HcilKjfi* M (lQlV'ljh()(lt'l%ll 2t) dlCt'lllti* 

from practically 90" to 
0*4°. It* has been shown by Wahl' that this variation is 
dependent on the amount of lime entering into the compo¬ 
sition of the mineral. In normal diopside, with high axial 
angles, the proportion of OaO : MgO + FeO is nearly 1:1, 
but in a series of pyroxenes in which the proportion ofi ime 
is gradually less, the axial angle is correspondingly smaller, 
until it passes through 0° and the optic axes open out in a 
plane normal to the plane of symmetry, so that in certain 
cases the mineral is uniaxial for a given colour. For this 
8 eries, which he supposes to consist of solid solutions of 
ordinary diopside or augite on the one hand, and clino- 
enstatite or clino-hypersthene on the other, Wahl has 
proposed the generic name of enstatite-augite, with specific 
names for different members of the series. Rosenbusoh* 
has preferred to call the group magnesian-diopsides. These 
peculiar augites have been recognised in Australia so far 


* Wahl, \V., Die Enatatitau^ito. Tach. min. n. petr. Mitth. xxvi, 
(1907), pp. 1 - 31. 

* Roeenbusch, H„ Mikr. Phye., i, 2. 
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only by Osann 1 in a Tasmanian dolerite. They are fairly 
common, according to my observations, in the Mesozoic 
dolerite sills of Tasmania, specimens of which have been 
kindly given me for this purpose by Mr. Twelvetrees, 
Government Geologist, and slides prepared by .Mr. R. 
Priestly. They are also not uncommon among the later 
dykes of dolerite and quartz-dolerite traversing the gold¬ 
fields of Western Australia 

Wahl 2 lias also pointed out the presence of intergrowths 
of various pyroxenes with one another, and after the analogy 
of the felspar group has given them the name of pyroxene- 
perthites. As it has not been possible to obtain a copy of 
this paper in Sydney, the writer cannot make further com¬ 
parisons between those observed in these rocks and those 
described by Wahl. 

As the size of the optic axial angle can be observed only 
on suitably oriented sections, it is impossible by its obser¬ 
vation alone to ascertain the relative amounts of common 
augite and enstatite augite. Moreover it is not uncommon 
to find that there are great variations of axial angle in the 
same crystal. Enstatite augite has often a characteristic 
basal striation and a peculiar alteration along the basal 
plane, which is sufficient to distinguish it from augite in 
the absence of such a striation in the latter. In the rocks 
under consideration, hypersthcnc curiously enough never 
shows schiller structures. The monoclinic pyroxenes are 
also in the finer grained rocks quite free of any such struc¬ 
tures, while in the coarser rocks, in which rod-like inclus¬ 
ions both parallel to the A-pinacoid (diallagic schillerisation) 
and parallel to the basal plane are abundant, no distinction 
can be made out between the enstatite-augite and common 
augite in this respect. 

4 Osann, A., Ueber cinera Enst&titaugit FUhrenden Diabas von Taa- 
manien. Centralbl. F. Min. etc., No. 28, pp. 705-11, 1907, 

* Wahl, W., Analogien Zwischen die Pyroxen nnd Felspathgruppe. 
Quoted from memory. P Ref. a Finnish Journal. 
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All the pyroxenes are clearly posterior both to the olivine 
and the felspar, embracing the latter in typically ophitic 
fashion (Fig. 0, Plate XIV, and Text Fig. 1). In general 
the hypersthene appears to be posterior to the monoclinic 
pyroxenes, 1 but in some cases is seen in parallel growth 
with them, and again is sometimes clearly intergrown with 
them, forming a pyroxene-perthite (Fig. 5, Plate XIV). 
The finer pyroxene-perthites are apparently homogeneous 
augites in ordinary light, but between crossed nieols they 
closely resemble micropegmatite. In the latter the inter¬ 
growth is too fine to permit the determination of both 
species of pyroxene, although one of them is often hyper¬ 
sthene. 

Hornblende, a greenish variety, is confined to the more 
acid rocks, and in these to the exterior of the pyroxene 
grains. In Nos. 12 and 13, where it is fibrous and confined 
to the exteriors of the hypersthene, it may confidently be 
described as uralite. In Nos. 15 and 16, where it is com¬ 
pact, brownish-green, and occurs as crystallographic; out¬ 
growths on the pyroxene, it is more probably original, but 
in these also there is a subordinate amount of a paler and 
somewhat fibrous hornblende which is probably uraiitic." 

Biotite occurs in small quantity in almost all the rocks. 
It is found only in ragged flakes, and in most cases surrounds 
or lies alonside the iron ore, from which it appears to have 
been derived by a partial resorption. 

The felspars, which are the most abundant minerals, are 
for the most part glassy clear, but in some of the rocks the 
plagioclase has a milky brown appearance due to the 

1 Cf. Elsden, J. V., The St. David's Head ‘ Rock-Sorica/ QJ.G.S., 
lxiv, (1008) pp. 286-8. 

• For a more detailed discussion of the writer's views on the distinction 
between uralite and primary hornblende, and the raison d'etre of the 
latter's occurrence, ef. Thomson, J. A., Petrological Notes to Bulletin 33, 
Geol. Surv, Western Australia, 1909, pp. 132-5. 
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presence of extremely minute inclusions, while the ortho* 
clase is practically clear. The latter occurs in but slight 
amount in the more basic rooks, and is always interstitial 
to all the other elements, and generally crowded with 
needles of apatite. In those rocks containing quartz it is 
more abundant as an element of the micropegmatite. The 
plagioclase is a thoroughly basic variety with only at most 
a slight peripheral zoning of acid material. Its refractive 
indices are always greater than those of balsam and of 
quartz whenever a comparison is possible. Oarlsbad, albite 
and pericline twinning are abundant, and the extinctions 
indicate, by Levy’smethod, basic labradorite and by townite. 

One of the rocks, No. 12, was kindly analysed by Mr. 
G. J. Burrows, in the geological department of the Sydney 
University. With it may be compared some similar analyses 
made on the same class of rock elsewhere. 



I. 

II. 

III. 

IV. 

V. 

sio 2 

51-55 

50-55 

50-76 

52-49 

8592 

TiO, 

0-53 

0 05 

0-46 

0*02 

66 

AI2O3 

18-85 

17-16 

16-83 

16-44 

1848 

Pe^Oj 

0-32 

1-04 

4*16 

2*60 

20 

FeO 

6-77 

3-40 

4-45 

5-30 

940 

MnO 

0-13 

0-19 

0-69 

trace 

18 

MgO 

7-09 

9-97 

10-09 

6-18 

1772 

CaO 

14-04 

14-77 

11-30 

11-71 

2507 

NftjjO 

0-63 

1-62 

0-97 

2-06 

102 

K s O 

0-08 

0*11 

0*06 

109 

9 

h 2 o 

o-ii 

0-36 

0-14 

1-42 


H a O 

0-04 

0-12 

... 

0*15 


p,o„ 

trace 

IM 

none 

trace 


00 2 

none 



... 


FeS a 

none 

0*17 

... 

... 



100-14 

99-51 

100*00 

99-91 


analysis, 

Barrows. 

Simpson. 

Ditrioh, 

Harrison. 
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I. Oavanagh Range. . 

II. “Norite,” Norseman, W. A., Bull. 21, Geol. Surv. W.A. 

1906, p. 119. 

III, “Diabase,” Barina District, British Guiana,Rep. Geol. 

N.W. District, n, p. 6, 1898. 

IV. Hunnediabase, Launceston, Tasmania, Quoted in Ann. 

Rep. Dept. Mines, 1908. 

V. Molecular proportions of I. 

The analysis is interesting in the first place as adding to 
our information of the chemical composition of the Hunne- 
diabase. Typical quartz-dolerites (Kongadiabas) show in 
general a lower proportion of alumina than normal rocks 
of the same silica percentage, whereas this rock possesses, 
if anything, a higher figure. These peculiarities are due, 
in the former to the presence of free silica, in the latter to 
the abundance of a very basic felspar, for anorthite is 
relatively richer in alumina than albite. It is somewhat 
surprising to And a pyroxene poor in lime crystallising from 
a magma so rich in that element, but a calculation shows 
that after apportioning lime to alumina to form anorthite, 
there is relatively little non-felspathic lime. The mineral 
composition may be calculated as follows:— 


Quartz 




6*23 

Orthoclose 


0*49 

Felspar 

54*12 

Albite 

5-34 

' Plag. 53*63 



Anorthite 

48*29 




OaSiOj 


8*93 



MgSiO, 

17*72 


Pyroxene 38*16 

MnSiOg 

0*24 

29*23 



FeSiO, 

11*27 




Magnetite 

0*46 ] 

i 

Iron ores 

1*47 

Ilmenite 

1*01 i 

i 



HgO 

0*15 





10013 
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According to the norm of the American authors there is 
17*86 diopside and 20*30 liypersthene. In the mode, how¬ 
ever, there is not so much hypersthene, and most of the 
metasilicate is contained in an augito poor in lime. It is 
difficult to account for the presence of quartz in the norm 
in a rock from which olivine has crystallised. 

The analysis is fairly closely paralleled by that of the 
“norite” of Norseman, which is a very similar rock as is 
pointed out below. It contains, however, a higher propor¬ 
tion of liypersthene. The diabase from British Guiana, of 
which I have not been able to compare the mineral com¬ 
position, also agrees sufficiently well to place it in the same 
class, but with a higher percentage of soda there is a distinct 
drop in the amount of lime, reflected by a smaller drop in 
the alumina. The Hunnediabase from Launceston shows 
the same differences and also lower iron and magnesia per¬ 
centages, due probably to the absence of olivine. In spite 
of these minor differences, the four analyses obviously show 
a close agreement. 

The nomenclature of this group of rocks is a matter of 
difficulty. Overlooking the presence of liypersthene, those 
rocks with enstatite-augite and without quartz come under 
Rosenbusch’s group of Hunnediabase; those with quartz, 
under his group of Kongadiabase, while No. 7 may be 
described as an ophitic norite or a liypersthene diabase. 
The writer prefers, however, to call them all dolerites, 
indicating their special characters by the prefixing of the 
names of those minerals not common to all dolerites, e.g. 
hypersthene enstatite-augite olivine dolerite. This method 
though admittedly clumsy, gives due weight to each element 
of composition. 

The affixing of correct names to the rocks is, however, 
only a matter of secondary importance. What is more 
important is the recognition of this group of rocks in 
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Central Australia. The nearest allies known to the writer 
are to be found in the dyke at Norseman already referred 
to. A study of eight specimens from different parts of the 
dyke, kindly presented to the writer by Mr. A. Gibb Mait¬ 
land, Government Geologist of Western Australia, shows a 
series of rocks ranging from liypersthene through olivine 
norite to quartz norite, with enstatito-augite and pyroxene- 
perthite in many of the specimens. The dyke runs east 
and west through a series of amphibolites and schists that 
lie in N.K-S.W. belts. It is distinctly the youngest of the 
solid rocks of the Held, later even than the granites and 
accompanying quartz-porphyries, which run in the plane 
of the foliation. In these respects, and iu its petrological 
characters (though not its coarseness) it is typical of a large 
series of dykes traversing the rocks of the different gold¬ 
fields. These “later dykes” as the writer proposes to 
term them, are in many fields distinct from the gold bearing 
lodes, which they intersect and fault. The areas occupied 
by them in Central Australia may therefore be presumed 
to be nou-auriferous. It does not necessarily follow, how¬ 
ever, that the whole area is non-auriferous. Owing to 
differential erosion, these later dykes frequently stand up 
above the softer auriferous rocks, and afford the best 
opportunities of collecting specimens. So it may be that 
in central Australia the later dykes are intrusive through 
auriferous rocks also. The evidence on this point is quite 
non-conclusive. 

The presence of enstatite-augite and quartz-dolerites in 
Central and Western Australia leads to theoretical con¬ 
siderations of more than local interest. Though those 
described are fairly deep-seated and approaching gabbros 
in crystallisation, there are petrologically similar rocks of 
finer grain among the later dykes of Western Australia 
known to the writer which clearly show the close connec- 
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tion between the group and the Mesozoic dolerites of 
Tasmania before alluded to. Further, the dolerites and 
quartz dolerites of Victoria Land, Antarctica, also possess, 
according to the writer’s observations, the same petro¬ 
logical peculiarities, and in particular the minerals enstatite- 
augite and pyroxene-perthite. Though the writer’s obser¬ 
vations on the Karroo dolerites of South Africa have not 
been sufficiently extensive to allow the same affirmation to 
be made, Wahl has shown 1 that the 4 diabase ’ of Richmond 
originally described by Oohen* contains enstatite-augite, 
and it is reasonable to suppose that this mineral has a wide 
occurrence in South Africa. 

The Tasmanian and South African rocks are definitely 
known to be of late Mesozoic or early Tertiary age. There 
is no evidence so far produced to show that the others are 
not of the same age. They all occur in the remaining 
horsts of the foundered Gondwana Land, and the question 
arises whether they do not point to the presence of an 
immense magma or to a series of similar magmas, which 
in Mesozoic times underlay the old Gondwana Land, parts 
of which were forced up by the earth movements which led 
to the breaking up of the continent. 

Mr. Benson has kindly drawn my attention to a paper in 
which Prior 3 has already made a similar suggestion, i.e. he 
suggests that the dolerites of Zululand and Victoria Land 
are of the same age, and further points out the curious 
association of these rocks on the mainland in each place 
with later alkaline rocks in outlying islands. This obser¬ 
vation might, with reservation, on the island-occurrence 
of the alkaline rocks be equally applied to Tasmania. But 

1 Loc. ext., pp. 29-30. 

9 Geo gnoBtisch-petrographi ache Skizzen aua Sud-Africa. Neuea Jahr. 
f. Min. etc. 1887. B.B., p. 234. 

* Prior. G. T., Petrographical Notes on the Dolerites and Rhyolites of 
Zululand. Ann. Natal Mas. n. 1910, p. 152. 
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it does not hold good for Western Australia, where alkaline 
rocks are quite unknown, nor to New Zealand, where the 
same alkaline series as that of Erebus is well displayed, 
but where quartz-dolerites are so far uuknown. 

In opposition to the suggestion of a petrographieal magma 
common to the whole of Gondwana Land, it may bo urged 
that the class of rocks relied on, viz. quartz-dolerites with 
hypersthene or enstatite-augite are not by any means con¬ 
fined to remains of that ancient continent, but arc equally 
common in British Guiana, Great Britain, Canada, etc. 
That would be to imply, however, that similar petrographieal 
provinces could not exist in different parts of the earth. A 
stronger objection is furnished by certain theoretical views 
on the mode of formation of these rocks. It has been 
suggested by Daly 1 that quartz-gabbros and the commonly 
associated granophyres are formed by the acidification of 
gabbros by the assimilation of the surrounding walls. 
TyrelP has elaborated this view with special regard to 
quartz-dolerites, and suggests further that they represent 
a critical stage in assimilation, in that they arc almost 
entirely made up of intergrowths of related minerals, and 
have reached the limit of saturation of a basic magma with 
quartz. Both these writers totally fail to explain the 
excess of magnesia and iron over non-felspathisable lime 
which is necessary for the formation of hypersthene or 
enstatite-augite. Whether we admit with them that quartz- 
dolerites have arisen by the assimilation of acid material 
by a basic magma, or agree with Vogt that they have 
arisen by differentiation as an “anchi-eutectic” rock, we 
must still postulate that the primary magma had funda- 

1 Daly, K A., The Secondary Origin of Certain Granites, Ain. Journ. 
Sci., xx, 1905, pp. 185 - 216. 

• Tyrell, U. W., Geology and Petrology of the Intrusions of the 
Kilsyth-Croy District, Dumbartonshire. Gaol. Mag., Dec. 6, Vol. vit, 
1909, pp. 299 - 809 and 859 - 366. 
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mental chemical peculiarities to allow it to give rise to a 
secondary magma capable of producing these minerals, 
instead of common augite. It is this chemically peculiar 
primary magma which is necessary for the establishment 
of a petrographical province. 

A further line of evidence which strengthens the writer’s 
suggestion is the recurrence of quartz-doleritcs at different 
geological ages in some of the above fragments of Gondwana 
Land. Owing to Choir degree of alteration, it is not possible 
to assert that the older groups also contained enstatite- 
augite, but analyses support the view. This phase of the 
subject is too extended to discuss at length here, but the 
following facts may be instanced. Among the Western 
Australian amphibolites of supposed pre-eambrian age there 
are rocks which can be shown to be merely uralitised and 
saussuritised quartz-dolerites. 1 Henderson 8 has described 
similar rocks from the Transvaal, which may bo assumed 
to be much older than the Karroo dolerites. 

In India, the important fragment of Gondwana Land from 
which Mesozoic quartz-dolerites have not been noted, there 
is a well known occurrence of the rock in the Ouddepah, 
and in these Wahl has shown the presence of enstatite- 
augite. But there is also in the Archaean of India the 
peculiar group of charnockites which exhibit, not indeed 
the same structural peculiarities but very similar chemical 
relations, viz. a high proportion of magnesia and iron com¬ 
pared to non-felspathisablc lime combined with an excess 
of silica. 4 

1 Thomson, J. A , Petrographical Notes to Bull. 33, Gool. Surv. W.A., 
1909, pp. 137, 145, 161, and 156. 

* Henderson, J. A. L., Petrogrspinal and Geological Investigations on 
certain Transvaal Norites, Gabbros und Pyroxenites, London, 1898, pp. 
29 - 33. 

* Holland, T. H., On Augite Diorites with Micropegmatite in 8. India. 
Q.J.G.S, liii, (1897) p. 406 Wahl, loc. cit 

* Holland, T. H., The Charnookite Series, a group of Archaean Hypers- 
thene Bocks in Peninsular India. Mem. Geol. Surv. India, xxvm., Pt. 2, 
pp. 119 - 249, 1900. 
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Whether the similar recurrence of these rocks at different 
periods of geological history will be found so abundantly 
elsewhere as to invalidate the force of this argument, so 
far as it applies to the rocks of Gondwana Land, remains 
for the future to disclose. In so far as it applies to Aus¬ 
tralia, it opens up a fruitful Held of enquiry for Australian 
petrologists. 

Note. —Since the above was written, an important paper 
by Dewey and Flett has made suggestions that to some 
degree undermine the above views. 1 In effect, they pro¬ 
pose to recognise besides the well known Atlantic and 
Pacific suites of rocks yet a third known as the spilitic, and 
geographically associated with districts of long continued 
and gentle subsidence. The rocks characterising the suite 
are picrite, diabase (often albitised), minverite, quartz- 
diabase, keratophyro, soda felsite and albite granite. The 
most striking chemical peculiarities of the group are the 
richness in soda compared to potash and lime, not indeed 
always to bo seen in the original minerals, but betrayed by 
the juvenile albitisation that the rocks have undergone. 

Quartz-dolerites, then, are claimed by them as belonging, 
at least in part to the spilites, both on account of the 
albitisation which they sometimes exhibit and of their 
geological relationships with other members of the suite, 
whereas in the ideas put forward above, they are attached 
to the charnockite suite on account of their relative rich¬ 
ness in iron and magnesia. It must bo admitted at once 
that the above authors have a far stronger case for tiieir 
general view, based as it is on a much greater body of 
observation. There are even features in Western Australia 
that give support to the possibility of the spilite suite being 

1 Dewey, II., and Flett, J. S., British Pillow-lavas and the Rocks 
associated with them. Gteol Mag,, Dec. 5, Vol. vm, 1911, pp. 202-9 and 
241 - 8 . 
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developed there, viz. the occurrence of albite granites and 
the presence of albitisation amongst the older (amphiboli- 
tised) quartz-dolerites. If, on the other hand, the commonly 
occuring rock types are correctly accounted for as anchi- 
eutectic rock, as many authors are now willing to believe, 
there would be a tendency for the development of similar 
rocks from widely different primary magmas. That such 
‘diphiletic’ 1 rocks are present in the case of the Atlantic 
and Pacific suites has been consistently denied by Rosen- 
busch, but even he is unable to ascribe most basalts to one 
or the other suite, and other observers believe in the 
possibility of diphiletic rocks. It would not do to push this 
possibility too far in connection with the views suggested 
above, or the primary chemical peculiarity postulated above 
would not be deducible from such a diphiletic anchieutectic 
rock. 

Summary and Conclusions. 

A series of seventeen rocks collected by the Elder Scien¬ 
tific Exploring Expedition from the neighbourhood of the 
eastern boundary of Western Australia are described in 
detail, and compared with the rocks of the Western Aus¬ 
tralian goldfields. Only one resembles the immediate 
country of the auriferous veins. Two are probably to be 
referred to the gneiss formation. The remainder are dyke 
rocks; they include a carnptoiiite, the first undoubted 
occurrence of this type in Western Australia, and a num¬ 
ber of very fresh intrusive dolerites of considerable petro¬ 
logical interest, especially in that they are the first rocks 
on the Australian mainland in which enstatite-augite and 
pyroxene-perthite have been recorded. A comparison of 
these rocks with the later dykes of Western Australia and 
the dolerite sills of Tasmania, Antarctic and South Africa 

1 I am not aware whether the term diphiletic has been used before in 
this sense. It was suggested to me in conversation by Dr. J. 8. Flett. 
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is made, and the suggestion is put forward that they are 
of the same age and magmatically related. 

The results obtained from this small collection are 
sufficient to show that the whole official collection, con¬ 
sisting of some hundreds of rocks is worthy of a fresh 
examination in the light of the recent knowledge acquired 
in the Western Australian goldfields. Presumably the 
collection is in the possession of the Royal Society of South 
Australia. 

Explanation of Plate XIV. 

Fig. 1. Banded norite, Fraser’s Range, Western Australia. 
Natural light. Magnified 15 diameters. 

„ 2. Hornblende granite-gneiss, Blyth Range, Central 

Australia. Crossed nicols. Magnified 15 diarns. 

„ 3. Granulite, Barrow Range, Central Australia. Natural 

light. Magnified 15 diams. 

„ 4. So-called tachylite, Cavanagh Range. Natural light. 

Magnified 15 diams. 

„ 5. Pyroxene-perthite in quartz dolerite, No. 14, Near 

Depot 1. Crossed nicols. Very highly magnified. 

„ 6. Hypersthene olivine dolerite. showing ophitic structure 

of both olivine and hypersthene towards felspar. 
No. 8, Hills near Camp 5, 20/G/91. Natural light. 
Magnified 15 diams. 
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Plate XIV. 



Fig< 5. 





[/Vow the Proceeding* of the Linnean Society of New South Wales, 
1913 , Vol. xxxviii.y Part 7, Ajrril 30th .J 
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The district treated of in this pai>er, lies from 5 to 15 miles E. by 
N. from Singleton. It contains two units of Permo-Carboniferous 
rocks, namely, a small basin about 2 miles N.E. of Mt. Tangorin, 
with a diameter of approximately 3 miles; and the northward 
extension, from the Hunter River District, of the Upper Coal- 
Measures and Upper Marine Series along Glendon Brook and 
Westbrook Creek. 

Previous Literature .—In his memoir on “The Geology of the 
Hunter River Coal Measures,” Professor David* has described the 
outcrop of rocks belonging to the Lower Marine Series and Greta 
Coal-Measures in Parishes of Tangorin and Stanhope, and has 
indicated some of the outcrops on a sketch-map. 


• Mem. Geol. Surv. N. S. Wales, Geology, No.4, 1907, pp. 188-189. 
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The Coal-Measures at Westbrook Creek were reported on by the 
late C. S. Wilkinson/ and also have been examined by Professor 
David t 

The ironstone at Westbrook Creek has also been mentioned in 
J. B. Jaquet’s memoir on “The Iron-Ore Deposits of New South 
Wales.”J 

Physiography, etc .—The knot of hills round Mt. Tangorin is 
composed of hard resistant rocks, mostly eruptive, of Carboni¬ 
ferous age. Similar rocks are also responsible for the range which 
trends about K.N.E. from Tangorin, although they do not form 
the summit of the range at all points. A part of the top of the 
range, for a distance of about 2 miles E.N.E., from portion J)fi, 
Parish of Stanhope, is made up of massive conglomerates and 
sandstones of Upper Marine age. These sandstones and con¬ 
glomerates extend northwards nearly jo the southern houndary of 
portion 00, Parish of Tangorin, and form a number oC flat-topped 
hills. Less resistant roeks(of Lower Marine age)intervene between 
these conglomerates and sandstones and the Carboniferous rocks, 
ami the denudation of these is responsible for the gap in the range 
at Cranky Corner. To the west of Brook’s Mountain, the country 
becomes undulating. The rocks in this part belong to the Upper 
Coal-Measures and Upper Marine Series, which have been let down 
to the level of the Carboniferous rocks by heavy faulting. 

A point worthy of note is the salinity of the creek-waters in the 
neighbourhood of the Tangorin Range. This is brought to one’s 
notice, during dry weather, by the fact that the gravels and creek- 
beds are often covered with a white saliferous deposit, when there 
has been a good deal of evaporation. 

General Geology .- Stratigraphically, the rocks represent two 
systems, (A) Carboniferous, and (B) Permo-Carboniferous. 

(A) Carboniferous. —There are two distinct divisions of the 
Carboniferous rocks, separated from one another by the Webber’s 
Creek fault, which extends in a general E.-W. direction lor about 
10 miles, and throws to the south. 

*Ann. Report Dept. Mines N. 8. Wales, 1884, p.161. 
t Op. «*<., pp.274-277. 

?Mem. Geol, Syrvey N. S. Wales, Geology, No.2, 1901, p. 111. 
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The older of these two divi¬ 
sions, that on the northern side 
of the fault, I have called here 
the Webber’s Creek Series. This 
series has been examined, at in¬ 
tervals, for about a distance of 
10 miles in an E.-W. direction, 
and extends for quite 5 miles 
north from the fault, which 
forms its southern boundary. 
The series consists of sandstones 
and shales, with contemporane¬ 
ous lava-flows. The sandstones 
are more of the nature of arkoses, 
lieing composed mostly of grains 
of orthoclase with a smaller 
amount of quartz, hornblende, 
£ and biotite. In places, in these 
a* arkose sandstones, there are 
H small bands of chocolate shale. 
.§ The sandstones are conglomeratic 
| in places, and, where this is the 
I case, they contain pebbles of such 
rocks as banded rhyolite, ande- 
^ site, aplitic granite, porphyritc, 
quartzite, etc. The lava-flows 
associated with this series con¬ 
sist of dacite and hornblende- 
felspar porphyry. There does 
not seem to be any doubt but 
that these flows are contempora¬ 
neous and not intrusive, although 
no very definite evidence is forth¬ 
coming on that point. They form 
long, comparatively narrow out¬ 
crops, roughly parallel to the 
strike of the arkose sandstones, 
and, being harder than the latter, 
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they form lines of hills running in a general E.-W. direction. 
These hills have a relatively steep slope on the southern side, 
and slope more gently away to the north, showing that they dip 
to the north in the same way as the sediinentaries do. 

This series of rocks appeal's to be similar to part of the Upper 
Carboniferous Series described, some distance further to the east, 
by Mr. J. B. Jaquet. Part of his description of the latter series 
is: “The formation comprises sandstones, claystones, limestones, 
tufCs, cherty shales, and intercalated lava-beds. The sedimentary 
rocks are in part marine, and in part freshwater. The great bulk 
of the rocks consist of coarse-grained tuffaccous sandstones, which 
do not contain recognisable organic remains ; so that one is unable 
to determine whether they are marine or freshwater.”* 

The latter part of this description might be applied equally well 
to the series under consideration here. 1 have not seen specimens 
of the Clarence town Series, but in discussing the subject with Pro¬ 
fessor David, he pointed out the great similarity, lithologically, be¬ 
tween specimens of the Webber’s Creek Series and the Upper Car¬ 
boniferous rocks near Clarencetown. 

Another point which emphasises the resemblance to the Clarence- 
town Series is the fact, mentioned to me by Mr. Frank Drinan, of 
Glendon Brook, that, in the creeks in the north-eastern part of the 
area shown on the accompanying map, the sands which accumulate 
in the beds of the creeks often contain a notable percentage of 
ironstone. 

No fossils have been found in this series, so that it is uncertain 
whether they are marine or freshwater. If, however, as seems to 
be the case, they belong to the same series as the Clarencetown 
rocks, they are probably freshwater. 

The other series of Carboniferous rocks is developed to the south 
of the Webber’s Creek fault, and is called here the Tangorin Series, 
on account of the bold outcrop at Tangorin Trig. Station. They 
are bounded on the west by the northward extension of the fault 
named, by Professor David, the Elderslee Fault. They extend as 
far east as the district has been examined, and no doubt are con- 


• Op. cit p.64. 
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tiiiuous with the Carboniferous series at Hudson's Peak. They 
surround, almost completely, the isolated basin of Permo-Carboni¬ 
ferous rocks at Cranky Corner. They consist of a varied series of 
eruptivear-rhyolite, trachyte, dacite, andesite, pitchstone, etc., ami 
also rhyolitic and traohytic tuffs, tuffaceous sandstones and con* 
glomerates. Professor David has found an abundance of lih adop¬ 
ter is in some of the tuffs on the road just south of Cranky Corner, 
so tliat there is no doubt thut they belong to the same series (Upper 
Carboniferous) as those Carboniferous rocks occurring further 
south, at Winder’s Hill and Pokolbin.* 

No boundaries of these Carboniferous rocks have been surveyed, 
except where they are in contact with rocks of different age, but 
field-names have been placed on the map at points where they have 
been observed. 

(B) Pkrmo-Cakuonifhkous.— There are two separate occur¬ 
rences of Permo-Carboniferous rocks in the district, namely, (a) 
the Cranky Corner Basin, (6) the series west of the Elderslce 
fault. 

(a) The Cranky Corner Basin, —lri this area, there is a develop¬ 
ment of some 1,850 feet of Permo-Carboniferous strata, made up 
approximately of 000 feet of Lower Marine Series, 150 feet oL 
Greta Coal-Measures, and 800 feet of Upper Marine Scries. An 
examination of the dips at once shows that these strata form a 
somewhat triangular-shaped basin. They are surrounded, for the 
greater part, by the Tangorin Series, except on a portion of their 
northern side, where they have been brought into contact with the 
Webber’s Creek Series by the Webber’s Creek fault. They are 
unconformable above the Carboniferous System, there being dif¬ 
ferences generally of 30° to 40° in the directions of strike, where 
Carboniferous and Permo-Carboniferous sedimentary rocks occur 
close together. Near portions 14 and 11, Parish of Stanhope, the 
Carboniferous conglomerates strike about N.-S., and dip easterly; 
w’hile the Permo-Carboniferous rocks strike 327°, and dip at 14° 
in direction 57°. Near Tainby Creek, about portion 98, Parish of 
Tangorin, the Carboniferous conglomerate strikes 140°, dipping 

* Jourtt. Proc. Royal Hoc. N. 8. Wale«, xlv., 1911, pp.379*408. 



152 


GKOLOGY OF THE GLENDONBKOOK DISTRICT, 


south-westerly, and the Permo-Carboniferous rocks strike 100° 
dipping southerly. 

(i.) Lower Marine Series.—In portions 35 and 98, Parish of 
Tangorin, just opposite portion 81, there is a small outcrop of 
rather coarse sandstone containing remains of plant-stems. This is 
resting unconformably on Carboniferous conglomerates, and is the 
lowest member of the Permo-Carboniferous System found in the 
district. The outcrop, however, is only of limited extent, being out 
off by the Webber’s Creek fault to the west, and thinning out be¬ 
tween the Carboniferous conglomerates, and the overlying mud¬ 
stones towards the south-east. From its lithological character, and 
from the presence in it of plant-stems, and also since it is the 
lowest member of the Lower Marine Series developed here, it seems 
very probable that it is to be correlated with the sandstone which 
is immediately above the glacial beds in the Lochinvar District, it 
attains a thickness of about 100 to 150 feet. 

Next above this sandstone, there is a thickness of some 300 feet 
of bluish sbaly mudstones. These can be traced, almost continu¬ 
ously, nearly right round the basin. About half-way up in these 
mudstones, there is an horizon of hard limestone-concretions con¬ 
taining fossils. These are chiefly Fene8tella(1) sp., and a small 
brachiopod shell (f Dielaama). This bed with Fenestellid® can be 
seen at three localities in the Parish of Stanhope, namely, (1) on 
the W.-E. road in portion 06, (2) in portion 40, and (3) in the 
creek in portion 50. The mudstones are fossiliferous, but most of 
the fossils appear to be in the upper part, above the limestone- 
concretion horizon. Some of the fossils from these mudstones 


are:- 


Spiri/er duodwimcoskita. 
S. tasmaniensis. 

5. stokesi. 

iWartiniojms subradiata. 
Ckcenomya sp. 


Avicnlopecten tenuicollis . 
A. englehardti. 
Pachydomus. 
Ptycomphalina trijilata. 
Hyolithe8 fanceolalns. 


The best locality for collecting these, is in portion 10, Parish of 
Stanhope, on the western slope of the hill, between the creek and 
the eastern boundary of the portion. 
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in portion 91, Parish of Stanhope, there is a development of 
basalt and breccia in this series. This may represent a centre of 
volcanic activity, which was responsible for the tuffaeeous nature 
of the sandstones next to be described. 

Following the mudstones, there is a thickness of about 120 feet 
of rather coarse tuffaceous sandstone. Good outcrops occur, the 
best being those in portions 8, 90, 78, 76, and 74, Parish of Stan¬ 
hope. It is thus seen that this sandstone occurs continuously on 
the western and south-eastern sides of the basin, but has not been 
observed to outcrop on the northern side. This absence on the 
northern side is due to the presence of the Webber’s Creek fault. 
The sandstone contains numerous marine fossils, there being, in 
places, regular banks of such thick-shelled molluscs as Eurydesma 
cordnia , Platysvhisma, etc., indicating turbulent, shallow-water 
conditions during the deposition of the beds. The fossils present 
in this sandstone include— 

Spiri/er dnodecimcostata. Pachydomus, 

S . tasmnniensi *. Scaldia(1). 

Martininpsin subradiata. Platyschisma ocu/us. 

Avicidopecten mitche/li. Maurionia . 

A. ttfiuicollis. Ptyr.omphahna 

Enrydesma cordata. IIyolithes lanceolatm. 

In appearance, this sandstone is sometimes very similar to that of 
Harper’s Hill, and the similarity is increased by the occasional 
presence of andesitic boulders, with numerous amygdules of second¬ 
ary silica, calcite, etc. 

The remainder of the Lower Marine Series consists of about 
330 feet of mudstones, sandstones, and conglomerates, in which 
fossils appear to be very scarce. At Eui Creek and Hilly Brook, 
these are somewhat hardened and jointed, probably as a result of 
their proximity to the Webber’s Creek fault. 

(ii.)Greta Coal-Measures.—Above the T^ower Marine Series, the 
Greta Coal-Measures are developed. They consist mostly of the 
sandstones and conglomerates typical of these measures, and there 
are also developed some beds of a brownish shale, as well as at least 
one coal-seam. The outcrop can be traced continuously round its 
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northern part, from portion 41 to portion 29, Parish of Stanhope* 
but the remainder is somewhat less certain. However, in portions 
70 and 96, Parish of Stanhope, there is a conglomerate not unlike 
the Greta conglomerate, associated with a soft brownish and 
yellowish sandstone containing indeterminate plant-remains, and it 
is not unreasonable to put these down as belonging to these mea¬ 
sures, more especially as they occur at localities where one would 
expect to find the Greta Measures. In portion 42, Parish of Stan¬ 
hope, there are some slialy beds which contain plant-leaves. Along 
the northern part of the outcrop, and where it is close to the Web¬ 
ber’s Creek fault, the dips are considerably higher than they are a 
short distance to the east or west, where they are not so close to the 
fault-line. 

Coal is developed in these measures, and actual outcrops can be 
seen in Kangaroo Creek, on portion 90, Parish of Tangorin, and 
also in Hilly Brook* on portion 26, Parish of Stanhope. 

At the Kangaroo Creek outcrop, Professor David has measured 
a section of the seam as follows*:— 

Roof. Conglomerate containing pebbles up to 3 or 4 ilichee in 
diameter. 

Oft. bin. Hard bituminous coal. 

lft. Sin. Clay shale. 

Oft. Sin. Carbonaceous sandstone. 

Oft. 9in. Hard bituminous coal. 

Oft. 2iu* Band of pebbly sandstone. 

1ft. 3in. Hard bituminous coal. 

Oft. 6in. | mmJ of fine conglomerate and sandstone, carbonaceous in 

lft.'oin.J *><1 clayey. 

4ft. Oil). Hard bituminous coal with pitchy lustre on fleshly fiacturcd 
surfaces. This coal approaches a cannel coal in compo&i* 
tion. 

Oft. 6in. Coaly shale. * 

10ft. Oin. Coal and bands. 

Mr. Frank Drinan, of Glendon Brook, very kindly piloted me to 
the outcrop iu Billy Brook. The position of this outcrop has been 
fixed fairly closely. It is in the bed of the creek, and the bearing 

* Op. cit. 9 p.188. 
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from it to the western corner of portions 27 and 28, Parish of 
Stanhope, is 120£°. The coal is uncovered there, in the creek, for 
about six feet, and Mr. Drinan assured me that the seam used to 
outcrop at a position he pointed out to me, but which is now 
covered with dibris; this point is some 10 to 15 yards further 
downstream. As the seam is dipping about south at l(i°, tins would 
indicate (if the two points represent outcrops of the same seam) a 
thickness of approximately 11 to 13 feet of coal and bands. Tins 
thickness corresponds very well with that mentioned above, and 
the two outcrops (Kangaroo Creek and Billy Brook) are probably 
of the same seam. As this outcrop (Billy Brook) was under water 
at the time of my visit, it was not possible to obtain specimens 
suitable for analysis, but from the pieces which could be got, the 
coal appears to be a hard, bright, bituminous coal of good quality. 
The position and extent of the actual outcrops depend on weather- 
conditions a good deal. Between my two visits to Kangaroo Creek 
(about three months apart), there was considerable rain, ami much 
of the outcrop, as first seen, was covered with soil washed down the 
creek-bank. 

At a number of other points in the neighbourhood, pieces of coal 
have been observed, washed into the creeks after heavy rains, c.g., 
in Eui Creek above Mr. Peter’s house, in portion 42, and in Billy 
Brook ubout portion 40, Parish of Stanhope. That these come 
from tiie same measures, there is no doubt, but the outcrops are 
probably covered over by surface-soil. The outcrop in Billy Biook 
is due to the creek having cut down through the overlying sand¬ 
stone, isolating a part of it, and exposing the Greta Coal-Measures 
along the ereek-bed. (See Section, Pig. 1, p. 148). 

(iii.)The Upper Marine Series.—Above the Greta Coal-Men¬ 
sures, there is a series of massive sandstones and conglomerates. 
Marine fossils are very scarce in them, but, in the lower part, frag¬ 
ments of a Conularia (C, inornata) were found. These sandstones 
are, then, probably the equivalents of the lower part of the Branx- 
ton beds of the Upper Marine Series. The following is a vertical 
section of the Permo-Carboniferous rocks, as developed in this 
area (Pig. 4, p. 156). 
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(b)Permo-Carboniferous Rocks west of the Elderslee Fault .— 
The Elderslee fault, with a throw of nearly 6,000 feet to the west, 
brings the Upper Coal-Measures down against the Carboniferous 
rocks, just to the west of Brooks Mountain. In these Upper Coal* 
Measures, there are a number of coal-seams, which outcrop at inter¬ 
vals along Gleudon Brook and Westbrook Creek. The series there 
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consists chiefly of interbedded 
sandstones and conglomerates, 
with which there are also coal- 
seams, bands of ironstone, and 
occasional dolomitic bands. 
The ironstone is concretion¬ 
ary, and the bands vary from 
1 inch to 15 inches in thick¬ 
ness. At the centre of the 
concretions, there is often a 
cavity in which quartz-crystals 
have grown. From the out¬ 
crops of the strata, Professor 
David* has calculated a de¬ 
scending vertical section, in 
which there are eighteen coal- 
seams varying from 3 to 27 
feet in thickness. The mea¬ 
sures in this part (Westbrook 
Creek), dip to the east, at an¬ 
gles up to about 70°, the very 


Fig.4.—Vertical Section of the Permo* high angles of dip being at the 
Carboniferous rocks, extreme west of the occurrence 


of the series. The reason for these steep easterly dips is explained 
by their occurrence close to the Greta fault, which has a throw, at 
this point, of some 1,500 feet to the east, and forms the western 
boundary of these Upper Coal-Measures. Thus the Upper Coal- 
Measures here occupy an area of subsidence between two heavy 
faults, i.e., it is a senkungsfeld-area. They do not extend any dis- 


# 0/>. ci/,, pp. 275*276. 
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tance to the north, the northern boundary being formed by the 
Webber’s Creek fault. This is shown by the fact, that the great 
majority of the boulders in the gravels brought down by West¬ 
brook Creek and its tributaries, consist of eruptive rocks (chiefly 
porphyries, and dark-coloured, fine-grained rocks) and tuffs. On 
the west of the Greta fault, the Upper Marine Series are found, 
and they extend away westwards, past Singleton, until they dis¬ 
appear under the Rix’s Creek Coal-Measures. 

Immediately next the fault, there are shaly and sandy mud¬ 
stones, with numerous erratics. These dip towards the east, and 
belong to the Crinoidal Beds, being part of the eastern arm of the 
Belford anticline. Some of the erratics are quartzites containing 
fossils. To the north, these beds extend some considerable distance 
I followed them along the Dyrring Road, to a point about 4 miles 
north of the village of Sedgefleld. 

Faulting .—In this area, there are three very heavy faults. Two 
of them are northward continuations of faults described by Pro¬ 
fessor David in the Hunter River District,* namely, the Greta and 
Elderslee faults, and, in each case, the throw has increased towards 
the northern end of the fault. The third has a roughly cast-west 
trend, and throws to the south. It has been called here the Web¬ 
ber’s Creek fault. The Greta fault has swung round from having 
a S.E.-N.W. trend to almost N.-S., and here has a throw of about 
1,500 feet to the east, bringing the Upper Coal-Measures down 
into contact with the lower part of the Crinoidal Shales of the 
Upper Marine Series. The Elderslee fault strikes a little to the 
west of north, and has a throw of nearly 6,000 feet. The Carboni¬ 
ferous rocks, near the fault, are conglomerates, and rhyolitic and 
trachytic tuffs of Upper Carboniferous age, while, on the down¬ 
throw side, are rocks of the Upper Coal-Measures. At this point, 
then, all the rocks of the Lower Marine Series, Greta Coal-Mea¬ 
sures, and Upper Marine Series that have been developed in the 
district, are faulted out of sight. That both the Lower Marine 
Series and Greta Coal-Measures were developed to some extent, 
is indicated by their presence at Cranky Corner, with a thickness 

* Op. cit. pp. 302*304. 
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of about 1,000 feet; the Upper Marine Series have practically their, 
full development (4,800 feet) not far away, so it seems not unrea¬ 
sonable to put the throw of the fault somewhere in the neighbour¬ 
hood of 5,800 feet. The Webber’s Creek fault trends roughly E.-W. 
in its western extension, and swings round to a S.W.-N.E. trend 
towards its eastern end. It extends, on the map, from near West¬ 
brook to near “The Gap,” on the road from Singleton to Gresford. 
It is an extensive fault, and its existence is indicated mainly by 
the following points:— 

(a)The southern boundary of the Webber’s Creek Series is a 
fairly regular line, and that Series is in contact with beds of dif¬ 
ferent ages at different points, namely, Upper Carboniferous at 
Tamby Creek, Permo-Carboniferous from Tamby Creek to One- 
Tree Hill, Carboniferous again from there to the Elderslee fault, 
and then Upper Coal-Measures at Westbrook Creek. The fact 
that all these different series are cut off on their northern side, in a 
fairly regular line, favours the existence of a fault. 

(h )Where the Permo-Carboniferous rocks approach close to the 
Webber’s Creek Series (at One-Tree Hill), they have very high dips 
to the south, while a short distance to the west, where they are not 
so close, the dip is much less. 

(c) Also where the Permo-Carboniferous shales are nearest the 
Webber’s Creek Series, there is a slight amount of metamorphism 
of the shales, which might easily have been the result of faulting. 

(d) No tuffaeeous sandstones, similar to the Webber’s Creek 
Series, are found associated with the Carboniferous rocks, south 
of the line of junction of that series with the other series. 

The Webber’s Creek Series seems to be of the same age as 
similar rocks near Clarencetown, which Jaquet* has determined as 
Upper Carboniferous. The throw of the Webber’s Creek fault is 
about equal to the amount of strata between these rocks and the 
top of the Carboniferous strata, but, as the exact position of these 
rocks in the Upper Carboniferous has not been determined, it is not 
possible, at present, to say what is the amount of the throw of this 
fault, 

* Op, fit., p.82, 
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Summary .—Representatives of two Systems—Carboniferous and 
Permo-Carboniferous—occur in the district described. The Car¬ 
boniferous rocks all belong to the Upper Carboniferous, some 
being of the same age as the Clarenoetown tuffaceous sandstones, 
etc., and others of the same series as the rhyolites, etc., at Mount 
Bright, near Pokolbin. The boundary between the two Carboni¬ 
ferous series is formed by an extensive E.-W. fault (the Webber’s 
Creek fault), throwing to the south. 

The Permo-Carboniferous rocks occur in two separate areas. 
Just north-east of Mount Tangorin, there is a small, triangular¬ 
shaped basin made up of representatives of the Lower Marino 
Series, Greta Coal-Measures and Upper Marine Series. The most 
important point, economically, here is the occurrence of the Greta 
Coal-Measures. Previously it .was thought that this was just the 
southern end of an extensive occurrence of the Coal-Measures, but 
the discovery that it is a small isolnted basin, shows (hat there is 
probably no Greta coal anywhere to the north-east of the district, 
and on the north-west, the next occurrence is somewhere not far 
south-east of Muswellbrook. The small extent of the Cranky Cor¬ 
ner basin, and its inaccessible position, make it improbable that it 
will ever be of any considerable economic value. The oilier area of 
Permo-Carboniferous rocks is just west of Brook's Mountain. 
Here the Upper Coal-Measures are developed, enclosed on three 
sides by heavy faults. Upper Marine Series (Crinoidal Beds) 
occur farther to the west, on the western side of the Greta fault. 

My thanks are due to many of the residents of the district, who 
were always willing to assist me as far as possible, and, in parti¬ 
cular, to Mr Frank Drinan, of Glendon Brook, and Mr. J. Graham, 
of Westbrook. I also wisli to express my gratitude to Professor 
David and Mr. W. S. Dun for the interest they have taken in my 
work, and for the help they have rendered me, in discussing and 
criticising this work in preparation. 


EXPLANATION OF PLATE XIV. 
Geological Map of the Glendnnbrook District. 




\From the Proceeding* of the Linnean Society of New South Wales, 
1913, VoL xxxviii., Part 1 , April 80th.} 
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This paper is the result of about four months’ fieldwork in the 
Hunter River District, the area examined during that period being 
bounded on the north by the Hunter River, and on the other three 
sides roughly by a line drawn through West Maitland, Mt. Vin¬ 
cent, Mt. View, and Belford, and also a small area north of the 
Hunter River, between West Maitland and Paterson. 

The most important work done on this area is Professor David’s 
memoir on “The Geology of the Hunter River Coal-Measures of 
New South Wales.”* In that work, the coal-measures are worked 
out in detail, but the Lower Marine Series and the Upper Marine 
Series are not treated in as great detail as the coal-bearing series. 
It was with the object of obtaining a more detailed knowledge of 
these two marine series, that this work was done. One portion of 
the outcrop of the Greta Coal-Measures, namely, that extending 
south from Rranxton, was not very well-known at the time Pro- 


• Mem, Oeol. Survey N. S, Wales, Geology No.4, 1907. 














BY A. B. WALKOM. 


116 


fessor David's work was published; but since then, a good deal of 
prospecting has been done along this part of the outcrop, and fresh 
information was obtainable, and is included in this paper. 

To make the lists of fossils as complete as possible, fairly large 
collections were made, and these have been supplemented by 
records of localities of fossils, from the publications of the Geo¬ 
logical Survey of New South Wales, and from the “Catalogue of 
Australian Fossils,” by R. Etheridge, Jr. In many cases, however, 
the record of the locality of fossils is not definite enough to per¬ 
mit of their horizon being determined. Only cases where the 
locality is sufficiently definitely stated, have been used in complet¬ 
ing these lists. The map which accompanies the paper (Plate ix.) 
is part of Professor David's Map of the Hunter River Coal- 
Measures, published by the Geological Survey of New South 
Wales, in 1907, with additions which have resulted from my field¬ 
work. 

Lower Marine Series. 

The development of the Lower Marine Series varies considerably 
in different parts of the district; vertical sections have been 
obtained in three places, and are shown in Figs. 1-3. In Fig. 1 
(p. 116), which gives the most typical section, and that in which 
the series is most completely represented, the series attains a thick¬ 
ness of nearly 4,800 feet. This section is taken from the occur¬ 
rences in the area between Farley, Greta, and Cessnock. Fig. 2 
(p. 117) gives the succession near the Carboniferous inlier of Mt. 
Bright, where there is a considerable overlap of the lower beds. Fig. 
3 (p. 118) is taken along the Eeloh Road, where there is also a con¬ 
siderable overlap. 

The group of hills about one mile south-east of Lochinvar Town¬ 
ship, of which Winder’s Hill is the most prominent, is composed of 
* a varied series of rocks of Carboniferous age. They include a 
variety of volcanic rocks, both acid and intermediate; and also 
sedimentary rocks, such as conglomerate, sandstone, and yellow¬ 
ish cherty tuff. These sedimentary rocks, in places, contain abun¬ 
dant plant-remains, such as Rhacopteris , which indicate that they 
are of Upper Carboniferous age. 
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Skirting (he southern end of these Carboniferous rocks are thp 
lowest beds of the Permo-Carboniferous System that occur in the 
Hunter River District, namely, the Lochinvar glacial beds. These 
can be traced, almost continuously, from a point just west of the 
village of Gosforth round to a point about half a mile south of the 
Hunter River, on the road from Lochinvar to Windermere, a total 


i 




£ 
CXl 
UJ 
K/l 
UJ 




4- 


A- 




Stalct « MuJtTmat wiTK «tt) 

fMttMfmkfe 


Fig.I- 


fUvtn«fUM SaaMcm 

hjrfly ImU-coIm n4 Mwfcfat* *iOi ftofcfe 
« Wuwm a a 4 > **a»fcw «n»n«* 

jC*—A svWjTwh *f lUrpr'f IVN 

’ “ **»*«*» 
r tmkftinc UMUumlt wJk aBufwW 

f»««4 Mb iMMntkMflt 
utt * tuffi of SUtfOofoU 

- wtTk MkkM of 
Unwwvc nurTW T** . conUiMu a 
****** 4 nw#R(r * y * 


R»tW turj cWrt| hoJdUfMf 

B«uir 

HsAtmi * falW fctrd cWffy » 
m«Ii (tm trnXui 

Nrfro l.f* hull 

MtiJtfwx* 5K*Ut w*TK MitumJ mylcy 

M*Uwt SarJ«T#n* wtlk pUal • 

OiMobta $Mtt MtTk fU*ul #rralk* 

$cft«« of tMfloe *M udwncAbrv wki 
Mpitfc fthwtpVo si 

-Vertioal Section of Lower Marine Series in the 
Farley-Greta District. 



distance of about five miles. In places, they are distinctly uncon- 
formable with the underlying beds. In portions 6 and 6, Parish of 
Gosforth, the Carboniferous rocks strike 225°, and dip to the 
south-east at high angles (58*-64°); and the strike of the glacial 
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beds varies between 195* and 170°, and they dip at low angles 
(15* to 8*). They have been described by Professor David,* and 
consist of fine-grained, reddish-brown to chocolate-coloured shales, 
containing numerous boulders up to about 2 feet in diameter. Very 
many of these boulders are waterwom, but some are undoubtedly 
striated and faceted as a result of ice-action. Their thickness 
varies, a section near the north-west corner of portion 13, Parish 
of Gosfortb, gives their thickness as about 150 feet, but further 
south, on Win della Estate, they are quite 250 feet thick. There is 
a good outcrop on the road from Loehinvar to Windermere, but 
the lower limit there is hidden under recent alluvial, so that the 
thickness is not determinable. No marine fossils have ever been 


found in these shales, 
northern side of the 
Hunter Iliver. At the 
eastern end of the Car¬ 
boniferous rocks, near 
Eelah, they are over¬ 
lapped by higher mem¬ 
bers of the Lower Ma¬ 
rine Series; while, at 
the western end of the 


The glacial beds arc not found on the 
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thrown the Upper Coal- 
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Immediately overly- 1%2 ._ Velti(!ttl Section in lhe vifimly „ f 
ing the chocolate shales, Pokolbin and Mt. View, 

is a massive sandstone, 

about 100 feet thick , and no marine fossils have yet been 
reported from this. Careful search was made, at several points, in 
this sandstone for marine fossils, but without success. It contains, 
however, numerous plant-remains. There is a possibility, then, 
that this lowest part of the Lower Marine Series is of freshwater 


•Journ. Proc. Royal Soc. N. S. Wales, 1899, xxxiii., pp. 154-159. 
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origin. As a new and extensive occurrence of the glacial beds has 
recently been described from the Kempsey District,* it would per¬ 
haps be as well to leave any further discussion of them until that 
area has been more fully worked out. 

This stage is followed by an enormous development of marine 
sandstones and mudstones, with which are associated a number of 
contemporaneous lava-flows. There are, first, about 400 feet of 
gritty, ferruginous mudstone, followed by a flow of basalt, 50 feet 
thick, in which numerous small stearaholes have become filled with 
secondary minerals, such as analcite, natrolite, calcite, etc. 

m GRETA COAL MEASURES 

Ratkcr u ft jrtfy SandtfoM * 

*1* 

NrinliftBtffltt pm*) ■b'LTft «ntV manat fattH* 
n 

fc. Hi i-iHiU Sw Hrt) 

Ckarty SkaWt mIi mmufa ly wai 
iti «urlM hitA 




Dicrtt*(CARSOMFCROUg) 

obtained along Eelah Hoad. 

Then come 700 feet of rather hard shales and mudstones, which 
contain a few erratics, followed by a basalt-flow, 150 feet thick. 
This is followed by 1,300 feet of shales and mudstones, which also 
contain a few erratics, and near the top of which, there are numer¬ 
ous small patches of calcareous sandstone. About 100 feet above 
the basalt, the shales are somewhat cherty, and contain veins filled 
with a red secondary material, probably chalcedony. 

* W. O. Woolnough, Journ. Froc. Koy&l Soc. N. 8. W&Im, 1911, xlr. 
pp. 159168. 
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It is in these beds that the lowest horizon for marine fossils in 
the series is found. About halfway up the series, and about 2,009 
feet from the base of the marine series,* there is a zone in which 
Ptycomphalina trifllata, P. nuda, and Gangamopleris are found, 
the first-named being particularly abundant. This zone is exposed 
in a small quarry on the road, about half a mile north of Lochin- 
var Railway Station. 

A little higher up in the mudstones, fossils become much more 


abundant, and the following 

Tribrachiocrinus sp 
Indeterminate crinoid. 

Crinoid stems. 

Fenestellt(Vj internata. 

F.(1) fo8sula. 

Stenopora lasmaniensis. 
Spiri/er duodecimcostata. 

S . $loke$i. 

S. avicula. 

Martiniopsis subradiata. 
var. morrisii. 
ef. morrisii. 

Productu8 cora var.farleyensis. 
Strophaloaia jukesi. 

Ghonetes sp. 

Edmondiaif) nobilissima. 

In ttie sandstone patches, near 
sils are abundant, and comprise tl 


been found:— 

Merismopteria , sp.nov. 
Aviculopecten 8prenti. 

A. tenuicollia. 

A. englchardti. 

A. sp. 

Ddtopecten snbqninquelmeatus- 
D.farleyensis. 

Mteonia sp. 

Pleurophorus. 

Notomyatf). 

Pachydomu8. 

Mourlonia. 

Ptycomphalina trifllata . 
Platyschuma. 

Conularia. 

the top of these mudstones, fos- 
le following:— 


Spirifer vespertilio. 

S. tasvnaniemis. 

Martin iopsis sub radiata . 
Chamomya sp. 


Pleurophorus sp. 
Pachydomus. 

Mourlonia rotundatum. 
Keeneia (juv.). 


•On p.322 of Professor David’s Memoir, this is stated as 3,000 feet; it 
is probably a misprint, as on the vertical section accompanying that work, 
it is shown as about 2,000 feet. 
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Edmondia(l) nobilissima. Conularia Icevigata. 

DeltopccUn subquinquelineatua . Plant-stems. 

Mwonitt, 3 spp. 

One hundred and fifty feet below the top of these mudstones, 
(or 2,450 feet aliovo the base of the marine beds), in a band of 
dark-coloured, sandy, calcareous mudstone, numerous specimens 
of the pseudomorph Olendonite were obtained. Further details 
of this are embodied in a separate note. 

Following the mudstones, there is a development of a coarse 
conglomerate with large waterworn pebbles, chiefly composed of 
andesite, followed by a rather soft gritty sandstone, and then a 
rather coarse, greenish, tuffaeeous sandstone. These together form 
a thickness of strata of about 250 feet. The conglomerate is known 
us the Allandule Conglomerate, and contains an abundance of large 
molluscs with thick shells, such as Eurydesma cor data, Platy- 
schisma oculus, Kceneia platyachimnoides, etc. The greenish, tuffa- 
ceous sandstone is the Harper’s Hill Sandstone. These beds are 
only developed locally in the neighbourhood of Allandale. Towards 
the south-east, they seem to give place to a development of tuffs 
associated with the hypersthene-andesite of Blair Duguid Hill. 
This hypersthene-andesite mass is contemporaneous in the Lower 
Marine Series; the mudstones can be seen dipping under it at a 
gentle angle on its northern side, and they have prac¬ 

tically the same dip at its western end, so that they, apparently, 
have not been disturbed by the volcanic rock. The centre of erup¬ 
tion must have been somewhere in the vicinity of Blair Duguid 
Hill, and the activity here was doubtless responsible for some of 
the blocks of andesite in the Allandale Conglomerate, as well as 
for the tuffaeeous nature of the Harper’s Hill Sandstone. The 
hypersthene-andesite contains a great number of steamboles filled 
with secondary material, and beautiful specimens of agate, chal¬ 
cedony, etc., can be obtained. At the eastern end of the mass, near 
the junction of two creeks in portion 152, Parish of Allandale, 
masses of chert, up to about 18 inches in diameter, have been 
floated up in the lava. This chert resembles very much that in 
which Carboniferous fossils are found near Winders Hill, and 



fit A. B. WALKOM. 


121 


has probably been brought up from some considerable depth, as 
there would be nearly 3,000 feet of Permo-Carboniferous strata 
between this horizon and the underlying Carboniferous rocks. 

Borne distance to the east of Luchinvar Railway Station, there 
is a large mass of basic rock, which is on a horizon about 2,700 
feet above the base of the raariue beds; this, then, probably belongs 
to the same series as the volcanic rocks round Blair Duguid. Jn 
the opposite direction, to the north-west, the conglomerate seems 
to die out quickly, and give place to a thicker development of the 
Harper’s Hill Sandstone, for there is no outcrop of the conglomer¬ 
ate on the main road to Singleton, going up Harper’s Hill. Fossils 
are very numerous in these beds; in the railway-cutting, just over 
half a mile east of Allan dale, there is a bed about 2 to 3 feet thick, 
composed mostly of the remains of thick shells like Eurydcsma 
cordata and Platyschisma. The following is a list of fossils from 
these beds:— 


Crinoid stems. 

Avicnlopecten tcnnicollis . 

Stenopora tasmaniensis. 

A. squamnliferns. 

S. all. tasmaniensis. 

A. mitchdli . 

S. ovata . 

A. sprenti. 

Fenestella(\) fossnla. 

A. sp.ind. 

Polypora. 

Deftopecten illawarrensis. 

Didasma has tala. 

D. Jittoni. 

D. sacculus. 

I). limo'Jbrmui. 

Martini apsis snbradiata. 

Eurydcsnm cordata . 

var. mojTwti, 

Aphanaia sp.ind. 

cf. morrisii. 

Afodiola crassissima . 

Spirifer vespertilio. 

Plenrophorm sp.ind. 

6\ stokes i. 

Orlhonota sp. 

S. lasmaniensis. 

Notomya sp. 

$, elarkei. 

N. cuneata. 

S. sp.ind. 

Pachydomus autiquatus. 

Sof.enopsis sp. 

P . Itrvis, 

Chasnomya etheridyei. 

P. ovaHs. 

C. sp. 

Orthonychia ahum. 

Allorisma curvatum. 

tlatyceraSi n sp. 
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Edmondia(t) nobilmima. 
Palmar ca mbnrguta. 
Merixmopteria macrojitrra. 
M . n.sp. 

M, sp.ind. 

Avictda intumescens. 


Ptycomphalina trifilnta. 

P. mommana(l). 

Keencia platyachismoides. 
Platyschisma oculus . 

P. depressa. 

Connlaria inornata. 

0. laevigata. 


Following the Harper’s 1Jill beds, there are 560 feet of light- 
coloured mudstones, with two horizons of limestone-bands. The 
mudstones are somewhat calcareous, but, in the outcrops from 
which this section was obtained, they contain few fossils. 
Further south, however, near Pokolbin, there are numerous 
fossils in them (see later p.125). At about 130 feet above the 
base of the mudstones, there occur in several localities (marked a 
on the map) limestone-bands containing marine fossils, amongst 
which Fenestellidfe are abundant. The following fossils occur on 
this horizon :— 

Stenopora. Aviculopecten sqnamulifei'us. 

Fene8l6lla(1) foasula. Platyschuma. 

F.( 1) internata. Euomphalu$(l). 

Spiri/er. Ptycomphalina. 

In the cuttings, along the road from Allandale Railway Station 
to the main northern road, a number of small faults can l>e seen, 
which, however, cannot be traced on the surface. They appear 
to be a series of step-faults, with small throws to the north-east. 

At 420 feet from the base of the same mudstones, there is 
another series of limestone-concretions at several places (marked 
fi on the map), but these contain only very few fossils. 

Almost at the top of these beds, just below the Ravensfteld 
Sandstone, in portions 46 and 47, Parish of Heddon, there are a 
number of large granitic erratics. 

The mudstones are the topmost beds of the Lochinvar Stage, 
and are followed by the Ravensfteld Sandstone, the lowest beds 
of the Farley Stage 
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The Farley Stage commences with the well-known Ravensfield 
Sandstone. This sandstone forms a very persistent horizon, and 
is from 12-20 feet thick. In the vicinity of Farley Railway 
Station, there is a considerable development of massive sandstone, 
reaching perhaps 200 feet in thickness, part of which is the 
Ravensfield Sandstone. The part which corresponds to the 
Ravensfield Sandstone, and which has been quarried for building- 
stone, is about the middle of this massive sandstone. It is 
difficult, however, to make a division-line in this sandstone, and 
the whole of it has here been included with the Farley Stage. A 
similar occurrence is met with on the Eelah Road, and will l>e 
described later(p. 126). There are numerous conglomerate patches 
in the Ravensfield Sandstone, and they contain a varied and 
abundant marine fauna, amongst which are the following :— 


Lasiocladia. 

Palfmstsr clarkei 
P. atutcKbnrii . 

P . gigantcua. 

Feneatella,(l) /asm! a. 

m b P . 

Didasma cymbfjp/ormis. 

D . biundata. 

D . sp. 

Spirifer tasmanicnais. 

S. duodecimcoatata . 

S. sp. 

Cyrlina('l). 

Martiniopsia mbradiata. 

var. morriaii. 

Solenopais sp. 
Cardiomorpha(l ). 

Choenomya mitchelli. 

C\ etheridgei. 

C . n.sp. 

Edmondia(]) nobiliasima. 
Aviculopecten aguamul\/eru8. 
A. profundus. 


Aviculopecten tenuicollia. 

A. aprent.i. 

A. mitchelli(\\\v.). 
Ddtopecten fimre/ormis. 

D. mbguingitelineatua 
D. farleyenais. 

D. JUtoni . 

Euiydeama cordata. 

var. ovale . 

Almonia carinata . 
Plenrophorua. 

Pachydomua. 

Aatartiln corpuknta. 
Lamellibranch (new genus). 
Plalyceras allum. 
Platy8chi8ma . 
Ptyc.ompkod.ina triJUata. 
Conularia tenuiatriata. 

C. inornata . 

Hyolithea Icmceolatua . 
Goniatites micrompkalus . 
Orthoceras, 2 spp. 
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Perhaps the best outcrop of this is to be seen at Browne’s 
Ravensfield Quarry, about three miles south-west from Farley 
Railway Station, where good collections can be obtained. 

These sandstones are followed by a series of sandy shales and 
mudstones, and the whole stage attains a thickness of from 800 
to 1,000 feet. The mudstones are, in general, light-coloured, but 
some bands are much impregnated with iron, and have become 
stained quite red. Fossils are very numerous, and good collec¬ 
tions can be obtained from both the road and railway-cuttings 
near Farley Railway Station. The following is a list of fossils 
from the Farley beds : — 


Dielasma saccnlus . 

D . cymbceformis. 

D. biundata. 

D . amygdala. 

D. inverm, 

D. hastata . 

Spirifer duodecimvostata. 
S. stukcsL 
S. tasmaniensis. 


Edmondia(1) nobilmima . 

A viculojtecten aquamul ifeints. 
A. Unnicollia . 

A. aprenti. 

A. englehardti. 

Aphanaia sp, 

Mytilus big shy i. 

Modiolopsis. 

Mcmnia. 


Martiniopsis subradiata. 
var. morrisii. 
var. konincki . 

Prodnctus corn var. farleyensis. 
P./ragilis. 

RhynchontJla. 

Chonetes. 


Pleurophorus sp. 

P. gregarius. 

Stutchburia farleyensis. 
PachydomHs . 
Platyschisma oculus. 

P. rotundatum. 
Connlaria inornata. 
Goniatites micromphalns . 


Cardiomorpha gryphioides. 

In the upper 200 feet of these beds, Nuculana waterhousei } 
which does not appear in the lower part, is of fairly frequent 
occurrence. 


An interesting and somewhat different vertical section is 
obtained in the vicinity of Pokolbin and Mt. View (Fig.2). 
More than 2,000 feet of the Lochinvar Stage have been over¬ 
lapped in this part. The lowest memt>er of the stage here is a 
coarse conglomerate and sandstone, at least 600 feet thick, which 
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is on about the same horizon as the Harper’s Hill beds further 
north. Their thickness is rather difficult to estimate at all 
accurately on account of some doubtful faulting which occurs 
just north-east of Mt. View, but it is quite 600 feet, possibly 
more. This conglomerate was evidently deposited close to the 
old Carboniferous islands, the rocks of which have been described 
elsewhere.* The conglomerate is here followed by a develop¬ 
ment of basalt and tuffs, attaining a thickness of about 440 feet. 
The basalt contains numerous steamholes filled with such minerals 
as natrolite, datolite,f analcite, etc. The tuffs overlie the basalt, 
for the most part, and contain marine fossils. The position of 
the centre from which these basalts and tuffs were poured out, is 
doubtful. A couple of small patches of olivine basalt have been 
observed, quite isolated and in the midst of the acid volcanic 
rocks of the Carboniferous inlier of Mt. Bright. The most 
reasonable explanation of these occurrences seems to lie, that 
they are old volcanic necks, and they may represent the old 
pipes from which this series was erupted. The tuffs arc followed 
by 650 feet jof calcareous mudstones One hundred and fifty 
feet above the base of these mudstones, there is a well-marked 
development of limestone containing numerous well-preserved 
Foraminifera, which have been descril>ed by Messrs. Chapman 

and Howchin.J 


This bed of limestone is on the same horizon as those men¬ 
tioned above(p.l*22). Ostracods are found in these beds, as well 


as numerous marine fossils, e.g. 
Crinoid stems. 

St&nopora tasmaniemis. 
Fenegtellafl), 2 or 3 species. 
ProtoreUpora. 

Spir\fer tanmaniensi*. 

8. duocUcimcoBtata 
Martiniopsis mbradiata. 
AviculopecUn mitchelli. 


Aviculopecten tenuicollis . 

A . sprenti. 

A . sqtuimuliftrus, 
dto pecien farleymsu. 
Mftonia carinata . 
PachydomuSy 3 or 4 species. 
Ptycomphaiinatf ). 


# Journ. Proc. Royal Soc. N. S. Wales, 1911, xlv., pp.379-408. 

tO. Anderaon, Rec. Austr. Museum, 1904, v., pp. 127-130. 
t Mem. Geol. Survey N. S. Wales Paleontology, No. 14, 1905. 
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The other section of the Lower Marine Series to be described, 
is that obtained along the Eelah Road(Fig.3). Here, resting 
directly on Carboniferous rocks, there is a large development of 
mudstones and cherty shales. These attain a thickness of about 
1,570 feet, and there has been an overlapping of more than 2,000 
feet of strata below them. The mudstones are in the lower por¬ 
tion, and have been more easily eroded than the cherts, and so 
the former show few outcrops. The cherty shales, however, give 
good outcrops, and, near the top, a few marine fossils have been 
found. These include 


Crinoid stems. 
Spirifer tasmaniensis. 
S. vesper tilio. 


Eurydesma cordata . 

Pachydomus. 

Platyschisma. 


These shales are followed by about 350 feet of massive sand¬ 
stone. This contains the equivalent of the RavenBfield Sand¬ 
stone, which has been quarried extensively at Comerford , s Quarry. 
This thick development of sandstones is similar to that mentioned 
near Farley Railway Station, and, as in that case, it has been 
included with the Farley Stage. 

Above the sandstone, there is a thick series of basalt and tuffs. 
The basalt contains stoamholes which have become filled with 
secondary minerals, such as calcite, natrolite, etc. The tuffs 
contain numerous fossils, amongst which are 


Fenestellalf) fosmla, 
Stenopora. 

Spirifer tasmaniensis . 
Martiniopsis subradiata . 
Eurydesma cordata . 


Aviculopecten mitchelli. 
A . tenuicollis . 

M mania carinata. 
Platyschisma oculus. 


In the areas previously described, the development of basalt 
and tuffs has been confined to the Lochinvar Stage, but here 
there seems to be no doubt but that the volcanic activity took 
place during the deposition of the rocks of the Farley Stage. 
This area must have been close to the shoreline at this time, as 
indicated, by the abundance, in the tuffs, of thick-shelled 
molluscs, which inhabit shallow, turbulent waters, These tuffs 
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are overlain by a series of a little over 300 feet of brownish 
sandstones, which are followed by the Greta Coal-Measures. 

The Greta Coal-Measures. 

Professor David mapped the outcrop of these Measures, and 
gave numerous detailed sections of the coal-seams developed at 
many points along the outcrop. At the time of publication of 
his work, 4 however, very little information was obtainable about 
the development between Branxton and Pokolbin.f Since that 
time, a new colliery (the Iiothbury Colliery) has been opened, 

and the coal prospected at 
three other points along the 
ConqlomtraTe outcrop on Rothbury Estate. 

C°*l To the manager of this col- 

Cl*r liery, Mr. Richard Thomas, 

Jr., 1 am indebted for most 
of the information contained 
Coal in this section. The four 

separate points at which sec¬ 
tions of the seams have been 
measured are: 

(1.) Rothbury Colliery (on 
J)ark»K«lt floor portion 26, Parish of Branx- 
7j3j Coal and Band* ton). 

R,^ Section of Upp«r Seam at RoftburyCollitrus (2.) Where the outcrop 

crosses Black Creek. 

(3.) In portion 17, Parish of Rothbury. 

(4.) Where the outcrop crosses Rothbury Creek. 

(1.) Rothbury Colliery.—As seen from Plate viii., the most 
complete section has been obtained at this point. Underneath a 
solid conglomerate-roof, there is a 7 feet 3 inches seam (see 
Fig.4). 

# Mem. Geol. Survey N. S. Wales, Geology, No.4, 1907. 
t Op. cit. } pp. 138-140. 
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Exposure to the atmosphere gives a yellowish tinge to the 
surface of the coal from this seam, and a small amount of sulphur 
is deposited in the 
cracks. Although no 
crystalline pyrites has 
been observed) there is 
probably a small per¬ 
centage of it in the 
coal; and this sulphur 
has been set free during 
the oxidation of the 
pyrites to iron sulphate 
(FeS0 4 ). This seam 
has a floor of dark 
shale, and then, for a 
thickness of about 60 
feet, the strata are 
chiefly sandstones and a 
massive conglomerate. 

Then follows the best 
searn of this locality. 

Within a very short 
distance (only a few 
yards) of the outcrop, 
the seam is 12 feet 6 
inches thick; and, at 
170 yards in, along the 
tunnel, the seam has 
thickened to 14 feet c 

4J inches, including ^ S W,on of coal 4e * m at RrfKbur H GAcnts 
bands (see Fig.5). 

The lower ten feet of this seam is being worked at the Roth- 
bury Colliery. The seam dips N.65*W. at 18| # , and consists of 
hard, semibituminous coal. 
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Analyte* of tome Coals from the Lower Split of the Main Greta 

Seam . 



i. 

ii. 

Hi. 

iv. 

V. 

vi. 

Hygroscopic moisture. 

2*35 

1-87 

1-54 

2 38 

2*10 

1-58 

Volatile hydrocarbons. 

40*74 

40-63 

42 06 

41*01 ! 

41*45 

42 72 

Fixed carbon . 

5111 

50-52 

49*29 

51-70 

49-74 

50 30 

Ash. 

5-80 

6-98 

7*12 

4-91 

6-71 

6-40 

Sulphur . 

0 694 

0-766 

0 862 

1159 

0-947 

0 873 

8p.Gr. 

1-290 

1-303 

1-304 

1 282 

1-251 

1-272 

Coke . 

Lbs, of H ( 0 conveited to steam 

66-91 

57*50 

56-41 

56*61 

56-45 

55-70 

by lib. ooal. 

135 

135 

12-9 

13-3 

13-0 

135 


i. Roth bury Colleries* (No. 1 sample). Coke fairly swollen, firm and 

lustrous. Ash, grey in oolour; semigranular. 

ii. Rothbury Colleries* (No.2 sample). Coke fairly swollen, firm and 

lustrous. Ash grey; semigranular. 

lii. Rbbw Main, Greta, f Bands picked out; coke fairly swollen, firm and 
lustrous. Ash buff-coloured; semigranular. 

iv. Stanford Merthyr.^ Coke slightly swollen, firm and lustrous. Ash 

buff-coloured; semigranular. 

v. Pelaw Mai».§ Coke well swollen, firm and lustrous. Ash light reddish 

tinge; semigranular. 

vi. Hebburn.il Coke fairly swollen, firm and lustrous. Ash pink; semi¬ 

granular. 

The above table gives analyses of two samples of coal from 
the Rothbury Collieries; and analyses, for comparison, from the 
same seam in four other collieries. The Rothbury coal is very 
suitable for gasmaking and steaming, and also makes a good coal 
for household purposes. It gives only a small percentage of 
small coal, and is a good coal for shipment, as it stands handling 
well. 

This seam has a floor of dark shale, and the sandstone and 
conglomerate have been proved for about 20 to 24 feet below. 
Then there is a gap of approximately 20 feet, in which the strata 


* Analytes kindly supplied by Mr. Richard Thomas, Jr., Manager, 
t K. F. Pittman, “ The Coal Resources of New South Wales.” Geological 
Survey of N. S. Wales, 1912, p.68. 

t /deni, p.75. $ Idem, p.73. 


10 


|| Idem, p.69. 
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have not been touched by prospecting shafts, but there is little 
doubt that this portion is composed of sandstone and conglom¬ 
erate. Below this, the section is given in a shaft some 185 feet 
east of the main tunnel mouth. The section of this shaft is(Fig.6): 

It shows a couple of weath¬ 
ered seams of coal, and a 
band of about one foot of 
kerosene-shale. In this lower 
part of the section, there iB a 
sprinkling of small crystals of 
pyrites through the shale and 
sandstone, and also through 
the two feet of “ Blackstone” 
at the bottom. The coal 
shown by the shaft is very 
weathered, and of no use; but 
it is, of course, possible that, 
further in from the outcrop, 
it may loso its weathered char¬ 
acter. The greyish, shaly 
sandstone, between the seams, 
contains fairly abundant 
plant-remains, amongst which 
GUmopteris is the most pro¬ 
minent; some of tli© stems of 
these plants are replaced by 
pyrites. 

(2.)Black Creek.—At Black 
Creek, about one mile south 
of the Rothbury Collieries, S+Jio* &oTWSc&ms if C»llkr^ 
two seams can l>e seen, corres¬ 
ponding to the two upper ones at the first locality. The top 
one of these two seams has not been prospected, but a tunnel 
in the lower one revealed the following section(Fig.7, p.131). 

It was near the position of this tunnel that Professor David 
had a shaft put down some years ago/ and obtained 9 feet, 9 
• Op. cU. f p. 139 . 
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inches of coal and bands. The newer section gives a greater 


thickness of coal and bands 
(11 feet, 0$ inch), thus bear¬ 
ing out Professor David’s 
opinion that the seam, being 
somewhat perished in his 
shaft, would probably be 
found to have a greater 
thickness.* There is a small 
band of white clay just be¬ 
low the top seam. The two 
seams at this point are about 
40 feet apart, and their dip 
is N.47°W. at 24\ 

(3.) Portion 17, Parish of 
Rothbury. - A small tunnel 
has been driven in portion 
17, Parish of Rothbury, 
(about 1J miles south of the 
Black Creek tunnel), and a 
seam (with band) of 6 feet, 

2 inches struck, giving the 7 
following section (Fig.8):— 


t Coni^omtralc roof 

Coal (SmmmVmI - Aw T. 
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This seam is the 
equivalent of the top 
seam further north at 
the Rothbu ry Col I iery. 
It does notquite attain 
the thickness of that 
seam, but, when ex¬ 
posed to the weather, 
the same yellow stain 
and sulphur-deposit are 
noted as at the Col¬ 
liery. There is also a 
slight smell of H„S in 


v Op. 1 U., p. 140. 
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this old tunnel These phenomena denote the presence of a small 
amount of pyrites in the coal. 

(4.) Rothbury Creek.—Three-quarters of a mile further south, 
the outcrop crosses the Rothbury Creek. Here Professor David 
noted the outcrop of a coal-seam in the creek.| When I visited 
the spot, the outcrop in the creek was under water, but a shaft 
has been sunk for 39 feet, on the bank a few yards away, of 
which the following is a section(Fig.9):— 


Shaft 



It will be noted 
that the top bound¬ 
ary of the seam is 
horizontal, instead 
of dipping parallel 
to the bottom-edge. 
This indicates that 
the seam has been 
eroded somewhat. 
That this is so, is 
further indicated by 
the fact that, in the 
creek, there is a solid 
conglomerate dip* 
ping conformably 
just above the seam; 
while, in the shaft, 
there is no trace of 
the solid conglomer¬ 
ate, but only surface* 
sand and clayey soil. 
The seam dips N.60’ 


Truefttckn«$$ of Seam abT 21(1 > anc ^ ^as a 

M W •* S'."> « .f Rothbury Ck thickne8S of at lea8t 

21 feet, and as the 

surface has been somewhat eroded, the thickness is probably some* 
what more. It is a bright, bituminous coal of good quality, and 


%Op. cit. t p,140. 
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apparently does not deteriorate readily on exposure, as the shaft 
had been made over two years at the time of my visit, and the 
coal, which had been lying about for that time, showed only a 
slight amount of surface-discolouration; and when broken open, 
was as bright and hard as coal freshly taken out. About 75 
yards up the creek, there is an outcrop of another seam, but the 
water was too high for me to see it. However, M r. R. Thomas, 
Jr., informed me that he had got specimens of coal in situ at 
that point, when the creek had been drier. At the point in the 
creek where this outcrop occurs, the boulders in the creek-bed 
are all coated black, and there is a vory strong smell of H a S. 

Plate viii. is a series of comparative vertical sections of the 
various seams just described. On comparison with section No. 
x, # accompanying Professor David’s Memoir, there seems little 
doubt but that the top seam, in each case, represents the upper 
split in the main Greta seam. This is further confirmed by the 
presence of pyrites, which is indicated in these seams. The lower 
split of the main Greta seam appears to have become further 
split between Rothbury Creek and Black Creek, and a bed of 
conglomerate and sandstone, some 60 feet thick, is developed 
between the two parts. The 14 feet, 4J inches seam at the 
Rothbury Colliery, and the 11 feet, 0J inch seam at Black Creek, 
represent the top part of this lower split; and the lowest seams at 
Rothbury Colliery represent minor splits of the bottom-part of 
the lower split. The 21 feet seam at Rothbury Creek probably 
represents the whole of the lower split of the main Greta seam. 

Summary of Greta Coal-Measures in this district . 

The main Greta seam, or part of it, has been prospected in 
four places, and the seam is split as at other localities. 

In each of the four localities, the upper split of the main 
Greta seam has been struck. 

The lower split seems to be entire at Rothbury Creek, but 
splits further to the north. 

* Section No.x is a comparative series of vertical sections of the Greta 
coal-seams. 



134 


OKOLOOY MAlTLAND-BRANXTON DISTRICT, 


The upper split contains a small amount of pyrites; in the top 
part of the lower split, no trace of this mineral has been observed; 
in the sandstone and “ black-stone ” associated with the bottom 
part of the lower split, there is a small percentage of pyrites. 

The dips are in directions N.47°W. to N.60*W., and increase 
in amount as they get further south, t.e., as they approach nearer 
to the eastern branch of the Elderslee fault. The band of con¬ 
glomerate, between the two splits, appears to thicken very con¬ 
siderably towards the south. 

The amount of perishing of the seams near the surface does 
not appear to be so great here as in the eastern and southern 
portions of the Greta Coal-Measures outcrop. 

Upper Marine Series. 

The Upper Marine Series, in the Hunter River District, 
occupies a much larger and more widely scattered area than the 
Lower Marine Series, and, for that reason, could not Ixj studied 
in as much detail as the latter, in a comparatively short time. 
Examination of a number of the most typical exposures, how¬ 
ever, enables one to form a fairly accurate estimate of the 
succession. 

Whereas sedimentation in Lower Marine time was inter¬ 
rupted at frequent intervals by outbreaks of volcanic activity, in 
the Upper Marine of this district there were no such volcanic 
outbursts, and the sedimentation was uninterrupted. It must 
be remembered, however, that this is not true for other areas of 
Upper Marine sedimentation, e.g. in the South Coast District, 
there is abundant evidence of volcanic activity in Upper Marine 
time,* 

The Upper Marino Series has been divided into three stages, 
namely, the Rranxton, Muree, and Crinoid&l Stages, by Professor 
David.t 

* Jaquet, Card and Harper, Rec. Geol. Hurv. N. 8. Wales, 1906, viii., 
Pt.l.—Card and Jaquet, Rec. Geol. Surv. N. S. Wales, 1903, vii., Pt.3. 
t Op. cit p.319. 
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The lowest (Branxton) stage is from 3,000 to 3,200 feet thick, 
and follows immediately on the Greta Coal-Measures. This stage 
might be divided into two parts, (l) tower , with a thickness of 
about 1,400 feet; and (2) upper , 1,600 to 1,800 feet thick. The 


lower part consists of 
hard, massive, white 
to brown sandstone, 
often passing into 
conglomerate. In the 
lower 900 ft, the sand- 
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outcrop is shown gn the map. it contains a few marine fossils 
(e.g., Spiri/er , Martinicrpris , and Aviadopeeten ), and numerous 
remains of plant-stems. 

The remainder of this substage consists of more brownish 
sandstones. Marine fossils occur abundantly in this lower part 
of the Branxton Stage, and, where conditions wore favourable, 
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they approach to within a few feet of the top seam of the Greta 
Coal-Measures. The following is a list of the fossils from this 
substage:— 


Zaphrentia robusta. 

Strophalosia jukesi . 

PaLor-aster clarkeL 

Chonomya etheridgei . 

Protoretepora ampla. 

C. undata . 

Fenestellatt) fosnila. 

Avictdopeeten englehardti. 

Dielasma innersa . 

A . ponderosus . 

2). biundata. 

A . tenuicollis . 

D. haatata. 

A, sp. 

8pir\fer convoluta. 

Deltopecten farleyensis. 

8. vespertilio. 

D . leniusculus . 

8. nvicula. 

D. sp. (juv.). 

8. tasmaniensis . 

Seminula(1). 

8. duodecimcoslata. 

Afasonia carinata. 

8. strzeleckii. 

M. valida. 

Martiniopsis oviformia. 

StutcKbnria cuatata. 

M. mbradiata. 

Astartila polita. 

var. transveraa. 

Leptodomu8 duplicicosta. 

var. morrisii. 

Platyschisma ondus. 

Prodnctu8 brachythorns. 

Goniatites micromphalus. 


The upper half of the Branxton Stage is composed of sand¬ 
stones and calcareous mudstones, with frequent shaly bands. 
They contain numerous glacial erratics, which sometimes attain 
a very large size, some of them being over two tons in weight. 
These beds are exceedingly rich in marine fossils, perhaps the 
most abundant being members of the Fenestellid«(?). In them, 
at about 2,300 feet from the base of the Branxton Stage, occurs 
a limestone-horizon which contains numerous well-preserved 
Foraminifera.* This upper part is also characterised by an 
abundance of Traehypora tvilkinsoni , which is only found 
sparingly on any other horizon of the Upper Marine, and is 
extremely scarce in the Lower Marine. Good outcrops of the 

* Chapman and Howchin, “ Monograph of the Foraminifera of the 
Permo-Carboniferous limestones of N. S. Wales.” Mein. (leol. Surv. N. 8. 
Wales, Pal., No, 14, 1905. 
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Branxton Stage can be seen almost anywhere, where it is shown 
on the map. A good occurrence of glacial beds has lieen exposed 
by the new road-cutting on the Branxton to Elderslee road, 
just before it reaches the Elderslee Bridge over the Hunter 
River. The following is a list of the fossils from this upper part 
of the Branxton Stage ■ 


Zaphrentis robusta 
Crinoid stems. 
Trachypora wilkinsoni. 
Stenopora. 

Protoretepora ampla. 

P. konincki . 

Feneatella{ 1) inter nata. 
F. fosmla. 

F. plicatula. 

Spiri/er convoluta. 

S. Btrzeleckii . 

S. vespertilio. 

S. stokeai . 

S, UwnanicnsU . 

«i>. dnodecimcostata. 

S. sp. 

Martiniopsis ovi/ormis. 
M. mbradiata. 
var. konincki . 


ProduclU8 brachythcerus. 
Strophalosia jukesi. 

S. yerardi. 

S. clarkei . 

Chcrnomya ether idgei . 
Meri8mopleria. 
Conocardium australe. 
Aviculopecten tenuicollis . 
Deltopecten Jittoni. 

D . Ieniu8culu8. 

Aphanaia yiyantea. 
M&.onia carinata . 
Pleurophoru8 morrisii. 
Siutchburia costata. 

S. compressa. 

Platyschisma rotundatnm. 
Conularia. 

Hyolithe* lanceolatus. 
Goniatite8 micromphalus. 


The upper limit of the Branxton Stage is well-defhnd by the 
Bolwarra Conglomerate (“ Muree Rock ”), which forms the base 
of the Muree Stage. This is a massive conglomerate, on which 
very little grass or vegetation of any kind will grow, and which 
forms a bold, bare outcrop, very useful indeed for purposes of 
geological mapping. This conglomerate passes upwards to a hard, 
massive, somewhat calcareous sandstone, and the whole Stage 
attains a thickness of al>out 400 feet. Both the conglomerate 
and the succeeding sandstone contain numerous marine fossils, 
there being a most remarkable abundance, in places, of the small 
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brachiopod, Strophaloaia. The following is a list of fossils from 
the M uree Stage: — 

Zaphrentia phymatoides. 

Phialonrinus princrpa. 

A rchcBQcidaris. 

Stenopora crinda. 

Vroloretepora . 

Dielasma hinndata. 

D. amygdala. 

D . cymbceformis . 

D. hastata. 

Prodnctua broc.hythcrrua. 

Spirifer convoluta. 

S. clarkri. 

One of the best exposures of this Stage is in the vicinity of 
Mt. Vincent, just east of Mr. Charles Wyndham’s residence at 
Wollong, at the place known as “ Bow Wow.” Here the Muree 
Beds weather into large caves or rock-shelters, where numerous 
fossils can easily be obtained. 

Above the Muree Stage comes the Crinoidal Stage. This 
varies very considerably in thickness in places, having a minimum 
of about 1,600 feet, and a maximum of from 3,000 to 4,000 feet. 
For the most part, it consists of fairly soft shales and mudstones. 
These weather fairly readily, and in this lies the reason for the 
development of some of the extensive alluvial Hats, <?.</., along the 
course of the Mulbring or Wallis Creek. For the same reason, 
good outcrops are not of as frequent occurrence as they are in 
the more resistant beds. They can be seen outcropping, how¬ 
ever, near Mt. Vincent, and in the railway-cuttings and creeks 
to the west and south of Belford. in places, they contain small 
and large erratics; e.g ., where the old line of northern road 
crosses a small creek in portion 61, Parish of Rothbury, there are 
numerous, small erratics of such rocks as aplite, quartz-porphyry, 
quartzite, and fine-grained, black, basaltic rocks. A little 
further east, where the same road crosses Jump Up Creek, there 
are a number of large erratics, an aplitic one reaching quite three 
feet in diameter, and one about the same size, of coarse granite, 


Spirifer atntchburii. 

S. duodecimcoatata. 
Martiniopai* cyrtiformis. 
M. oriformia. 
Strophaloaia clarkei. 

S. gerardi . 

Conocardium auatrale. 
Deltopecten leniuaculus . 
Mmoiv a fragilis. 

M. carinata. 

Entomia joneei. 
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containing grains up to nearly an inch long. These erratics are 
imbedded in brownish, calcareous mudstones, which also contain 
marine fossils, in this district, in the Crinoidal Shales there are 
two horizons, on which numerous specimens of the pseudomorph 
Glendonite occur, namely, (1) about 200 feet above the base (out¬ 
crop at Glendon), and (2) about 700 to 1,000 feet above the base 
(outcrops at Alt. Vincent and Singleton Railway Bridge). This 
stage terminates upwards in a series of hard, cherty shales, which 
have been quarried for road-metal, known as the Chtenomya 
beds. These, as may l>e surmised from the name, contain large 
numbers of the fossil Chaniomya\ they also contain obscure casts 
of radiolaria. These Chsenornya beds attain a thickness of 150 
to 200 feet. The following is a list of fossils from the Crinoidal 
Stage 

Znphrcvtis phyinatoidrs. 

A rehenoe idariSy sp. i nd. 

Tribrachwcrrnus corrnyatns . 

St.mopnra crinita. 

Protoretepora. 

FeiM8tella(l). 

Spiri/er comxdvta. 

S. duodecimcosfafa. 

Ma rtiniop *is mbradintn. 
var. rrwrrisii. 

Notes on thk Prkmo-Cakbonifekouh Palasoukourapjiy in 
New South Wales. 

During almost a year's study of the Permo-Carboniferous rocks 
of Eastern Australia in general, and New South Wales in par¬ 
ticular, some facts with regard to the palaeogeography have 
Ijecomc apparent, which are contrary to the ideas generally held. 
This is especially so with the distribution of land and sea in 
New South Wales, it has generally been held that, in Permo- 
Carboniferous time, New England and north-eastern New South 
Wales were cut off from the main continental mass, and that 
there was a water-connection with Queensland, to the west of 
New England. Professor David expressed this view recently in 


Strophalosia. 

('htnunnya rthrridgei. 

C. aitdax, 

C. mitchclU. 

C. sp. 

DeUopecten Jit/oni. 
Kurydesma hobartensr. 
Marmia earinata. 

(roniatite* mirromphnlun. 
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his Presidential Address to tlie Royal Society of New South 
Wales, thus: “At this time [Permo-Carboniferous], Eastern 
Australia was probably, from New England to Townsville, isolated 
from the portion lying further to the west, first by the Permo- 
Carboniferous sea, and later by the lakes and swatnps of that 
period.”* 

The following notes attempt to show the distribution of land 
and sea in New South Wales in Permo-Carboniferous time, as 
suggested by the results obtained by recent workers in the 
North-eastern portion of the State, particularly Mr. J. E. Carne, 
Professor Woolnough, and Mr. E. C. Andrews. 

The ideas put forward are by no means to be regarded as final 
solutions of the problems, my chief reason for bringing them 
forward here being that they may serve as something tangible, 
to be modified as further information is brought to light. A 
very important area in connection with this subject, and one 
which is not well known at present, is that between the Manning 
and Clarence Rivers. When the various Palseozoic formations 
in this area have been determined and mapped correctly, it is 
probable that a number of modifications will have to be made in 
the maps presented here. 

The results of recent work in Northern New England mostly 
show that the extensive series of shales and slates there, are of 
Perrao-Carlioniferoiis age,t and that the great granitic masses 
have intruded the Lower Marine rocks, and are thus of lato 
Permo-Carboniferous or even Mesozoic age. These two results 
point to the fact, that the greater part of what is now northern 
New England, was under water in Lower Marine time. Other 

# Journ. Proc. Royal Soc. N. 8. Wales, 1911, p.54. 
t With regard to the date* in the neighbourhood of Tinglm, two reoent 
workers do not agree. Mr. L. A. Cottoii[8] regards them as being older 
than Permo-Carboniferous, and similar to the Ordovician slates of Berridale 
and Tallottg. Mr. J. K. Carne[7] put* them down os Permo-Carboniferous, 
evidently on account of their lithologic similarity to occurrences further 
north, in whioh he found Permo-Carboniferous fossils. Whioli of these 
views may be correct, however, does not affeot these notes to any great 
extent, as it would only mean a small alteration in the position of the 
western limit of the Lower Marine Sea. 
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While examining the 
Lower Marine Series 
along the main northern 
road, in the vicinity of 
Harper’s Hill (Allan- 
dale), f observed a num¬ 
ber of specimens of the 
pseudomorph, Glendon- 
ite, in two large boulders 
by the roadside. These 
were thought, at the 
time, to have been car¬ 
ried there from some 
other locality, but in¬ 
quiries, made of some of 
the residents, showed 
that they had come from 
the road-cutting close 
by. Further search was 
then made, and speci¬ 
mens were soon found 
in situ. This discovery 
was of considerable in¬ 
terest, for,although glen- 
donite had been record¬ 
ed from a number of 
localities previously, all 
the occurrences were in 


x 



Fig. 1 .—Sketch showing locality wheie Glen- 
donites were found in the Lower Marine 
Series. 
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the Upper Marine Series, and it had never been found in the 
Lower Marine Series. A number of* specimens were collected, and 
examined to see whether they presented any differences from those 
previously described. Mr. W. S. Dun kindly exhibited specimens 
of these crystals for me, at the meeting of this Society held in 
August, last year. 

In a paper on “The Occurrence of the Pseudomorph Glendonite 
in New South Wales,” by Professor David, Dr. Woolnougli, and 
Messrs. Taylor and Foxall,* a complete review of previous litera¬ 
ture was given; and for a bibliography, the reader is referred to 
that paper. They described the occurrence of glendonite at four 
localities, representing four separate horizons in the Upper Marine 
Series, as followsf: — 

(а) Glendon, 5 miles E.S.E. from Singleton. Horizon approxi¬ 
mately 200 feet above the Muree Beds. The glendonites here occur 
singly or in groups, and are from 3 to 12 inches in length. 

(б) Left bank of Hunter River, at Railway Bridge, Singleton. 
Horizon about 1,000 feet above the Muree Beds. One glendonite 
recorded from here, is composed entirely of ferruginous gypsum. 

(c )Mount Vincent, 14 miles soutli of East Maitland. Horizon 
700 feet above the Muree Beds. The glendonites here frequently 
take the form of hollow casts in the centre of an oval or elliptical 
concretion. They occur singly or in aggregates. 

(rf)IIuskisson, Jervis Bay. Horizon about 200 feet below the 
Nowra Grit, which is the equivalent of the Muree Beds. 

The size varies from an inch to over fourteen inches in length. 

In 1908, Mr. J. E. Carnej discovered glendonites on another 
horizon, in the Upper Marine Series, namely, about 350 feet above 
the top seam of the Greta Coal-Measures at Muswellbrook. These 
glendonites are of the large type, measuring up to 9 inches and 

• Records (3eol. Surv. N. S. Wales, 1905, viil., pp.161-179. 

f The following details of these four horizons are taken from the paper 
mentioned above, pp. 166*169. 

t Ann. Report Dept, of Mines N. S. Wales, 1908, p.166. (The plan and 
sections accompanying this repott, were printed in the Annual Report for 
1910, facing p,176) 
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more in length, and 2 to ,'l inches in diameter. Both simple and 
compound types occur, the latter being apparently haphazard 
intergrowths of two or more individuals. 

In 1910, Dr. W. G. Woolnough* discovered a zone of glendonite 
pseudomorphs in an argillaceous limestone, on the road from 
Singleton to Dyrring, near the southern branch of Wattle Ponds 
Creek. This horizon is about 1,480 feet below the base of the 
Muree Beds. The crystals there are of the small, composite type. 

During 1912,“Professor Woolnought found glendonites associ¬ 
ated with Cham'Ytnya in the topmost part of the Upper Marine 
Series at Wollongong. These were in the form of hollow moulds in 
the centre of concretions, similar to those which are found at Mt. 
Vincent. The base in whicli these concretions occur, is a tuffaceous 
sandstone. 

In his report on “The Tasmanite Shale-Fields of the Mersey Dis¬ 
trict,” Mr. W. H. Twelvetreest has recorded the occurrence of 
glendonite in the mudstones above the Tasmanite Shale-deposit. 
The Shale is considered, by him, to he on the same horizon as the 
Greta Coal-Measures in New South Wales, so that the horizion of 
the glendonite-occurrenee in Tasmania, corresponds to the lower 
part of the Upper Marine Series in New South Wales. In the only 
specimen that I have seen from the Tasmanian locality, the glen 
donites are of the smaller type, and are bunched together in com¬ 
plex aggregates. 

The occurrence whicli forms the main subject of this note, is on 
the main northern road, nearly half a mile beyond the junction of 
that road with the road from Allandale Railway Station.(See 
skotch, Fig.l, p.160). 

The horizon of these beds is 2,800 feet above the base of the 
Lower Marine Series, and is nearly 2,600 feet below the lowest re¬ 
corded horizon. It is about 150 feet below the well-known Harper's 
Hill, green, tuHamms sandstone. 

* Journ. Proc. Royal Soc. N. S. Wales, 1910, xliv., pp.557-559. 

t Professor Woolnough very kindly gave me this information of his dis¬ 
covery at Wollongong. 

X Dept, of Mines, Taa., Oeol. Survey Bulletin, No. II, 1912, p.54. 
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Fig.2.—Vortical Section of part of the Permo-Cat boniferoue System, 
showing glondonite-horizons. 
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The glendonites here are imbedded in a light-coloured, micace¬ 
ous mudstone, which is rather calcareous, and contains numerous 
marine fossils, e.g., 


Plant-st em. 

Spirifcr vesper tUio G. Shy. 

S . tasmaniensis Morris. 
Martiniopsis mbradiata 8by. 
Chftmomi/a sp. 


Mwonia, 3 spp. 
Pleurophorus sp. 
Pachydomus sp. 

Mour Ionia rotundata(l). 
KeeneiaQuv.). 


Kdmondiai}) nobdissima de Kon. Connlaria laevigata Morris. 
Del to pec ten subquinqutlineatns McCoy; two vars. 

Fig. 2 (p. l(icl) is a vertical section of part of the Permo-fJar- 
bomierous system, showing the position of the various glendonite- 
horizons. 


Chemical .—The substance of these pseudomorphs was foiuid to 
lie almost entirely soluble in hydrochloric acid; and qualitative 
analysis showed that they consist almost wholly of calcium car¬ 
bonate, and also that there is an absence of both sulphates, and 
barium. The composition, then, is no doubt very similar to those 
analyses by Mr. B. V. Barton, B.F., quoted in the paper mentioned 
above,* and a quantitative analysis was not considered necessary 
in this case. 

Crystallographic. -The crystals are all of 
similar type to those described from Singleton 
and Glendon, but are somewhat smaller, 
averaging from 2 to 2*5 inches in length and 
0*75 inch in diameter. They a re mostly 
simple crystals, hut a number are of the com¬ 
posite type. Of those which are not simple, 
the majority are like that figured (Fig. 4), t.c., 
an intergrowth of two individuals, while a 
few are much more complex, there being as 
many as eight individuals bunched together. 

The frequent occurrence of the first of these 

two types, namely, intergrowths of two indi- ^'^twinned^lendoidt* 
viduals, suggested the possibility of twin- cryittlU (about 1>1U 
ning. That they are not twinned, however, «iz«). 



• Rec. Gaol. Survey N. 8. Wales, vili., pp. 170-172. 


BY A. B. WALK0M. 


165 


seems to be shown by the fad., that an examination of three dif¬ 
ferent specimens of this type, showed the relative orientation of 
the two individuals to be different in each case. 

The crystals all show distinct curving of some of the faces; the 
prism-faces are generally plane, and give straight edges, but the 
pyramid- and dome-faces are decidedly curved. In measuring the 
curved faces, the method used by Anderson and Jevons** in 
measuring opal-pseudomorphs from White Cliffs, N.S.W., was fol¬ 
lowed, namely, “making the goniometer-arms tangent to the part 
of the faces close to the edges." 

Glauberite has been suggested as the probable original mineral 
for these pscudomorplis, and all the measurements of these crystals, 
from the Low r er Marine Series, tend to confirm that suggestion. 

The habit is monoelinie, and measurement shows that there are 
three forms present, the angles between homologous faces of which 
are, 94°, (>3-3°, and 67°. These three forms correspond fairly well 
with w r ith w(llO), s(lll), and /(023)of glauberite. Two of these 
forms were described on the crystals from liuskisson, 1 but oil these 
crystals, the elino-dome present was g (021), while on the crystals 
now being discussed, the clino-dome is /(023). The following table 
show’s the measurement of interfacial angles, compared with those 
of glauberite:— 


Normal 

Angles. 

<1]0)A(U0) 
(IiO)A(no) 
(LiDA(lTi) 
(Til) A fill) 
(023)A(023> 
(023)A(023) | 


1 No. of 
! readings 

i 

him its. 

Moan. 

9 

91°-97" 

95" l 
92-3”/ 

! 8 

90"-94£° 

! 8 

5 9£°-67° 

63-6" j 

9 

60J°-66J" 

631"/ 

1 9 

63°-68i" 

66-3" l 

i 

i 

a 

^3 

o 

• 

67-7°j 


A vnrairp A,, * lea fm 

Average. , QlauWiU) 

94° 96° 58' 

63-3" 63° 42' 

67” 64° 46J” 


Reo. Austr. Museum, vi., 1905, p.33. 
f Op. cit., p. 175. 
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The measurement of the angles between 5 and /, and * and m was 
too unsatisfactory, on account of rough and curved surfaces. Fig. 3 
is an ideal stereographic projection of one end of a crystal with 
the three forms developed. 



Fig.3.— Stereographic projection of one end of a 
glendonite-crystal. 


A number of the crystals show a series of parallel striations, 
representing the trace of a cleavage (Figs. 5-6). In some cases, 
these striations persist along the whole length of the crystal, over 
forms which are not in one zone, and so cannot represent oscilla¬ 
tory comhinations. The angle between the plane of these striations 
and the edge (110) (llO), was easily calculated, and proved to be 
approximately 66°, If the original mineral were glauberite, the 
cleavage is perfect, parallel to (001), so that the angle just mea¬ 
sured, would represent /3. In glauberite, /3 is 67° 49' 7", so that 
the angle obtained for these glendonites, is quite as close as could 
be expected from contact goniometer-measurements. 
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Petrology .—Only one crystal was sectioned for the microscope. 
It consisted almost completely of granular calcite. A small pro¬ 
portion of the calcite-grains are clear and colourless, but most of 
them are of a cloudy-brown colour. A few small fragments of 
quartz were observed. 

Summary and Conclusions .—All the observations made on these 
glendonites from the Lower Marine Series, confirm the conclusion 



Fig.5. —Freehand drawing 
of glendonite crystal, 
showing direction of 
«triationa (front view : 
about nat. size). 



Fig.0.—Same as Fig.5 (aide 
view : about nat. size). 


arrived at by Professor David, Dr. Woolnough, and Messrs. Taylor 
and Foxall, that the original mineral, of which they are replace¬ 
ments, was glauberite.* Nothing has been observed which conflicts 
with their conclusions, excepting numbers (v.) and (vi.).f 
With regard to (v.), which is as follows, “The presence of 
numerous erratics indicates that these waters were occasionally 
chilled by floating ice,” it may be stated, that three, of the four 
newly-discovered occurrences of glendonite, are on horizons which 


*Op. cit. f p. 17 # 


f cit ., p,178. 
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are not considered to have been formed under glacial conditions. The 
newly-discovered occurrences also do not agree with the statement 
in conclusion No. (vi.) that “The horizons of the glendonites are 
not far below, in some cases close to, the top of the highest beds of 
a Marine Series, etc.” 

Glendonite has now been recorded from seven horizons in New 
South Wales, and one in Tasmania. These horizons are scattered 
at intervals, through a thickness of strata amounting to about 7,000 
feet. This shows that the conditions, which governed the crystal¬ 
lisation of glauberite (for it is almost certain that this was the 
original mineral), must have been of fairly frequent occurrence in 
the Permo-Carboniferous seas; and it also shows that the occur¬ 
rence of the pseudomorphs is of no value as an indicator of any 
particular stratigraphical horizon. 

Glacial conditions were of frequent occurrence during Permo- 
Carboniferous time, and Professor Woolnough has suggested, in 
conversation about these pseudomorphs, that these conditions may 
have played an important part in the production of conditions 
suitable for the formation of glauberite; and that if this could be 
established, then the occurrence of glendonite, pseudornorphic after 
glauberite, might be taken as an indication of glacial conditions. 
This suggestion, taken with the fact that the glendonites always 
occur in a calcareous mudstone, opens up an interesting field of 
research in the artificial preparation of glauberite, (which, as far 
as could be ascertained, has not yet been prepared artificially in the 
wet way), by attempting to grow the crystals in calcareous mud, 
under temperature-conditions approximating to those which would 
be prevalent in waters subject to chilling by glaciers. 

I wish to express my thanks to Dr. C. Anderson, of the Aus¬ 
tralian Museum, for the advice he most willingly gave me in con¬ 
nection with the crystallographic part of this note; and to Pro¬ 
fessor Woolnough for kindly volunteering part of the information 
contained in the paper, and for suggestions made in discussing the 
subject with me. 
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NOTES ON THK GEOLOGY OF WEST MORETON, 

• QUEENSLAND. 

By R. A. Wearne, b.a., and W. G. Woolnouoh, d.bo., f.g.s. 

[Bead before the Royal Society of N. 8. Wale*, August 2, 19fL] 

I. Introduction.- The area designated in this paper as 
the West Moreton District extends from the Brisbane River 
on the north, to the McPherson Range on the south, and 
from the Logan River on the east to the Main Dividing 
Range on the west. 

Dr. H. I. Jensen, in his paper on the Alkaline Rocks of 
Southern Queensland, at the Brisbane Meeting of the 
Australasian Association for the Advancement of Science, 
referred to the Main Dividing Range as the Little Liver¬ 
pool Range. In the following remarks the title Little 
Liverpool Range is applied to the spur of the Main Range 
that runs from Mount Oastle northwards, and is crossed 
by the Brisbane-Toowoomba Railway Line between Grand- 
chester and Laidley. 

II. Work of Previous Observers. —The northern border 
of the area under discussion has formed the subject of a 
monograph by Oameron. 1 In this report the general 
sequence of the Ipswich Coal Measures is worked out, but 
no description is given of the volcanic series whicli forms 
the subject of the present paper. 

Jensen* has studied the volcanic series. He describes a 
number of rock types, particularly from Mounts Flinders 

1 Cameron, W, E.—Geology of the West Moreton or Ipswich Coalfield. 
Geol. Survey of Queensland, Rep. 1899. 

• Jensen, H. I.-—Notes on the geology of the Mount Flinders and 
Fassifern Districts, Queensland, Proc Linn. Soo. N.S.W., Vol. xxxiv, 
1909, pp. 67 —104.; also The Alkaline Rocks of Southern Queensland, 
Rep. Aust. Assoc. Adv. Science, Brisbane, 1909, pp. 249 - 268. 
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and French. These he assigns to a variety of alkaline 
lavas. He is of opinion that 44 the volcanic rocks of the 
Fassifern Scrub are all Post-Triassic and probably Post- 
Oretaceous.” He describes the area under consideration 
as a scnkungsfeld and gives a detailed account of the 
tectonic geology. 

Marks 1 is of opinion that the age of the volcanic series 
in the neighbourhood of Beaudesert is Trias-Jura, in which 
idea he follows Rands.’ 2 

In an account of Mount Lindsay in the Macpherson Range 
Andrews describes the eruptive trachytes as Trias-Jura 
in age. 

It will be seen then that considerable diversity of opinion 
exists in connection with this important question. 

III. Physiography.— The contour of the Main Dividing 
Range which separates West Moreton from the Darling 
Downs reveals the fact that two successive uplifts occurred, 
the first an uplift of about 2,000 feet, and the second of 
about 2,700 feet. The summits of the Main Range—Mounts 
Oastle (3,700 feet), Oordeaux (4,100 feet), Mitchell (4,000 
feet), Spicer (4,100 feet), Huntley (4,150 feet), Roberts 
(4,350 feet), and Wilson (4,060 feet) are practically at a 
uniform height above sea level. They represent the 
denuded remnants of an uplifted peneplain. The uniform 
level of this uplifted peneplain can be seen from the summit 
of Mounts Spicer and Mitchell gently sloping westwards 
across the Darling Downs. 

Four well defined “air gaps ” occur between Spring Bluff 
and Bald Mountain, Mounts Oordeaux and Mitchell, Mounts 

1 Marks, E. S.—Coal Measures of South East Moreton, Queensland 
Geol. Survey, Publ. No. 225, p. 52, Brisbane 1910. 

* Bands, W. H.—Report on the Albert and Logan District, Qeenaland, 
Pari. Papers. C.A. 5, p 2, Brisbane, 1889. 

1 Andrews, E. C— A Preliminary Note on the Structure of Mount 
Lindsay. Bee. Geol. Surv. N.S.W., Vol, vn, 1908, pp. 828 -240. 
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Mitohell and Spicer, and Mounts Roberts and Wilson. They 
represent the U-shaped mature river valleys eroded to base 
level, which have since been elevated to a height ot about 
2,700 feet above sea level. Ounningham’s and Spicer’s 
Gaps still preserve a perfect U-shaped contour, the latter 
being one and three quarter times the size of the former. 
A magnificent view of these “gaps” can be obtained from 
the western side of “Jump Up,” a high ridge which runs to 
the north of Mount Alford about six and a half miles to the 
west of the township of Boonah. The gap between Spring 
Bluff and Bald Mountain has been faulted to a depth of 
about 500 feet below the uplifted peneplain, whereas Ounn¬ 
ingham’s, Spicer’s and Wilson’s Gaps are on the edge of 
the escarpment. These gaps have at the present time an 
important influence upon the meteorology of the eastern 
coastal plain. 

In Oainozoic times the Water Divide existed far to the 
east of its present position, and four important western 
flowing streams carved the U-shaped valleys of the afore¬ 
said gaps to base level. The most northern of these rivers 
followed somewhat the course of the Lockyer and Murphy’s 
Greeks and flowed through the Spring Bluff gap near 
Toowoomba. Its tributaries on the left bank carved the 
aggraded U-shaped valleys through which Blenheim Greek 
and Laidley Greek now meander, and the rich agricultural 
lands of the famous Lockyer District are the result of their 
work. The second ri ver flowed west through Ounningham’s 
Gap, and one important tributary on the right bank is 
represented by the magnificent V-shaped gorge of Reynold’s 
Greek, which cleaves Mount Edwards. This gorge is at 
present about two miles long, its sides slope at an angle of 
40*, and the summit of the V on the east is 1,000 feet above 
the bed of Reynold’s Greek, and that on the west 1,800 feet. 
It much resembles the famous Upper Shoalbaven River 



140 


K. A. WKAANK AND W. G. WOOLNOUOII. 


Gorge of New South Wales iu appearance. The third stream 
ran roughly parallel to the second, divided from it by Mount 
Greville, and flowed through Spicer’s Gap. The fourth 
stream followed the upper valley of the Teviot, flowed 
through Wilson’s Gap, and thence along the upper course 
of the Condamine through the gorge known locally as 
“Sydney Heads.’’ 

IV. Earth Movements.— In Oainozoic times the district 
was reduced to a peneplain level. It was next elevated to 
a height of about 2,000 feet, and the mature river valleys 
referred to above were worn to base level in the volcanic 
products. This is proved by the uniform depth of the U’s 
below the summit level. A second uplift of about 2,700 
feet next occurred in late Oainozoic time, as proved by the 
fact that the uniform level of the ‘air gaps ’ is at the same 
height above sea level. The comparative recency of the 
movement is indicated by the very slight alteration in 
form suffered by the uplifted valleys since their elevation. 

Extensive trough faulting then occurred between Indoo- 
roopiliy near Brisbane and the Main Range. The first 
faulting probably resulted in the production of what we 
call the Lockyer Fault Block , bounded on the west and 
south by the Main Dividing Range, and on the east by the 
escarpment of the Little Liverpool Range. This block is 
traversed by four meridional ridges :~the Little Liverpool 
Range, the Mount Mistake Range, the Hip Roof, and 
another of unknown name, with horizontal crest lines rising 
to a uniform level of about 2,000 feet. Immediately to the 
east of Toowoomba this faulting carried down a portion of 
the old mature valley about 500 feet below its original level. 
The faulting here was somewhat complex, and this fault is 
associated with one or more others increasing the total 
throw. 
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The second period of movement produced the Fassifem 
Block lying to the east of the Little Liverpool Range and 
the approximate collinear portion of the main range to the 
south of the junction. This fault probably amounted to 
about 900 feet. The throws of these faults have been 
calculated from the following evidence:— 

i. The mature topography of the main range near Too¬ 
woomba is continued to the east near Spring Bluff at a 
lower level of about 500 feet. 

ii. At the main range near Toowoomba basalt caps the 
coal measures at an altitude of 1,700 feet above sea level. 
It can be clearly seen from the railway line at the ninety- 
three mile post from Brisbane. Throughout the Lockyer 
Block a similar flow of basalt up to 600 feet in thickness 
caps the coal measures in each of the four ridges at a 
height of 1,200 feet above sea level. 

iii. At Mount Walker, a peak belonging to the Fassifern 
Block, basalt also caps the coal measures, but at a height 
of ouly 300 feet above sea level. 

This evidence is supported by the appearance of the 
sandstones and grits of the coal measures in the railway 
cuttings along the main range and the Little Liverpool 
Range. At the nipety-one mile post near Spring Bluff 
the slickensided surface of the fault scarp can be clearly 
detected. Between the first and second railway tunnels 
in the Little Liverpool Range a marked change in the dip 
can be noticed along the line of fault, and slickensided sur¬ 
faces were found in the grits and sandstones. One mile to 
the west of Ipswich the coal measures are tilted at an 
angle of 80°, and the Bremer River follows the line of fault 
for a distance of over two miles from Berry’s Lagoon to 
Goal Falls, 
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V. Geology—(I) Sedimentary Books. 

(a) Permo-Carboniferous Rocks .—An inlier of Permo- 
Carboniferous rocks is to be found immediately to the north¬ 
west of Mount Barney, a high double peaked mountain, 
which is situated about six miles to the north-north-west 
of Mount Lindsay. These rocks have been previously con¬ 
sidered as of Trias-Jura age, but the discovery of a definite 
specimen of Fenestella fossula , Lonsd., submitted to Mr. 
W. S. Dun for identification places them in the Permo- 
Carboniferous. This is the first record of Permo-Carboni¬ 
ferous fossils in the West Moreton District. 

(b) Trias-Jura Rocks .—The representatives of the Trias- 
Jura rocks met with in the area under consideration are 
to be referred to the Welloon stage. They consist of con¬ 
glomerates, grits, sandstones, and shales with thin seams 
of coal. The coal measures form rather poor soil, and the 
surface ridges are mostly used for grazing purposes. 

(II) Eruptive Bocks. 

Four distinct periods of volcanic eruption can be traced 
in the West Moreton District by the occurrence of:— 

1. Trachytes. 

2. Andesites and Dacites. 

3. Rhyolites. 

4. Basalts. 

1. Trachytes. 

Trachyte eruptions occurred along a zone running from 
the main range to Mount Oordeaux in an easterly direction 
to Redbank Plains, about eight miles south-east of Ipswich. 
These eruptions produced a number of cones, whose denuded 
remnants may now bo seen at the summits of the main 
range and at Mounts Matheson, Greville, Edwards, French, 
Flinders, and the ridge to the south of Redbank Plains. 
The flow of this period attained a thickness of about 2,000 
feet. 
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Mount Flinders .—The trachyte series at Mount Flinders 
(2240 feet) can be subdivided into three distinct sub-periods 
of eruption. The first produced the dark basic looking 
trachyte (pantellarite of Jensen). It has a characteristic 
greasy looking lustre much like phonolite. The lower hills 
on the the northern side of Flinders are composed of this 
rock. The second sub-period produced the light alkaline 
felspar porphyry which composes Flinders and a number of 
tlie neighbouring peaks. Two distinct dykes of this light 
trachyte run from Flinders through the pantellarites, one 
to the north-west of that mountain, 20 feet wide, shewing 
well defined horizontal prismatic structure. The third 
sub-period produced a pitchstone porphyry containing 
phenoorysts of sanidine embedded in a black glassy matrix. 
(See petrographieal descriptions.) 

Mount Blaine about two miles to the north of Mount 
Flinders is composed entirely of this material with inclu¬ 
sions of light and dark trachyte. One inclusion of the 
light variety measured 0"x 4", aud another of pantellerite 
f>" X 4". 

Ivory's Rock which can bo seen about three miles to the 
east of the Roekton Railway Station, standing like a large 
obelisk above the plain, is about 1,300 feet high, and is 
composed entirely of trachyte breccia. At a point 400 
feet from its summit the angular masses of breccia are 
cemented in a matrix of trachyte glass which seems to 
have forced its way from the centre of eruption through 
the porous masses of scoria. 

Main Dividing Range .—The main range near Cunning¬ 
ham’s Gap is composed of alkaline trachyte capped by 
olivine basalt. Mount Matheson (2,660 feet) appears to 
have been the main focus of the trachyte eruption of this 
district. Its summit consists of vesicular trachyte sur¬ 
rounded on all sides by huge masses of trachyte tuff, breccia 
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and conglomerate containing angular masses three feet in 
diameter. A steep escarpment exists to the north and 
west, and a ridge connects this mountain on the southern 
side with the lower slopes of Mount Mitchell. Johnston 
Greek and Olayton Gully rise in the elbow thus formed. 
A perfect view of the well defined U-shaped mature valley 
of Cunningham's Gap can be seen from the summit of 
Mount Matheson. 

Mount Mitchell (4,000 feet).--A splendid section of the 
volcanic series and the associated sedimentary rocks is 
revealed in Gap Greek (the eastern one of this name) and 
the wonderful escarpment of Mount Mitchell itself. The 
Walloon stage of the Ipswich coal measures is distinctly 
intruded and capped by trachyte, and these in turn by 
basalts. A fairly thick seam of coal outcrops about one 
mile below the “Second Falls.” It is intruded by a dyke 
of basalt which has opened out into a sill along the seam. 
Several basalt dykes occur running roughly north and south 
at right angles to the creek, and each in turn causes the 
formation of a pretty waterfall. 

Cunningham's Gap consists of a perfectly shaped U 
situated between Mounts Oordeaux and Mitchell, the trough 
being 1,500 feet below the summits of those mountains. It 
presents one of the finest examples of an Air Gap to be 
seen in any part of Australia. At the lowest point of the 
gap trachyte breccia is met with. The base of Mount 
Mitchell is composed of alkaline trachyte, tuff and breccia 
for a thickness of about 1,500 feet, and this in turn is capped 
by about 1,000 feet of basalt. The entire thickness is made 
up of a very considerable number of independent beds of 
volcanic material, each one practically horizontal. The 
summit of Mount Mitchell consists of a narrow ridge run¬ 
ning north and south. Viewed from the east it shows a 
broad rounded summit with a vertical escarpment of about 
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2,000 feet. Prom the south it appears as a huge inaccess¬ 
ible pinnacle. The narrowest part of the summit is not 
more than nine feet across, and a stone can be dropped on 
the eastern side for a depth of at least 1,500 feet before 
striking the rock face, while on the western side there is a 
similar cliff of about 500 feet. Prom the summit of the 
mountain an excellent view of the low lying Passifern Block 
can be obtained, and beyond the hills around Ipswich, which 
bound the block on the east, the waters of Moreton Bay 
are visible. 

Mount Greville (2,700 feet) the sentinel of “ The Gap,” 
situated about five miles to the east of the Main Range, is 
composed of grorudite, and its present contour is probably 
due to the erosion of the mature rivers that formerly flowed 
through Cunningham’s and Spicer’s Gaps. The northern 
slope corresponds in contour with the southern slope of the 
former, while the southern contour recalls the outlines of 
the northern slope of the latter. 

The eastern side of Mount Greville is cleft by Assures 
from 6 feet to 20 feet wide with precipitous walls from 100 
feet to 200 feet in height. They have been formed by 
basalt dykes which being less resistant than the grorudite 
have been completely eroded. These clefts are studded 
with magniAcent palms, ferns, and orchids, and form one 
of the most picturesque spots in Southern Queensland. 

Mount Edwards (2,300 feet) is composed of trachyte 
intruded by basalt, and Mount French (1,800 feet) is com¬ 
posed of comendite, tuffs and breccias. 

Spicer's Peak (4,100 feet) presents a section almost 
identical with that of Mount Mitchell, and like the latter 
has a vertical escarpment on the east. 

2. Andesites and Dacites. 

A parasitic cone of andesite occurs along the old Warwick 
Road which runs through Spicer’s Gap (See Fig. 1). Here 



Section of Main Range along Old Warwick Road , 
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there is distinct evidence that the andesite intrudes and 
caps the trachyte. 

Mount Alford (2,200 feet) about three miles to the oast 
of MountGreville is composed of andesites, quartz-diabases 
and devitrifled obsidians, etc., intruded by rhyolite dykes. 
This mountain presents a fine field for research work and 
holds the key to the volcanic sequence. It is hoped that a 
detailed examination will be made later. 

Mount Maroon (3,300 feet) about 12 miles to the R.8.H. 
of Mount Alford is composed entirely of rhyolite. Two 
features are here worthy of notc(l) the occurrence of huge 
vertical prisms 150 feet high on the northern side of the 
summit, and (2) the presence of two small but very deep 
elliptical lakes near Mr. Rose’s Farm on the mount side. 
These lakes are surrounded by rhyolite breccia and tuffs, 
and have never been known to be dry. The larger one is 
150 yards long by 75 yards wide. 

Mount Barney the culminating peak of southern Queens¬ 
land, 4,625 feet high, is also composed of rhyolite, intruded 
by basalt dykes. It is situated between Mount Maroon 
and the McPherson Range. 

3. Rhyolites. 

A large rhyolite dyke intrudes trachyte at Johnston 
Greek, about one mile to the west of Mr. Anderson’s house 
“Marraboola,” in portion 92 V, Parish of Clumber. 

Glennie's Pulpit consists of the plug of rhyolite on the 
north-western side of Mount Alford. It stands about 120 
feet above the contour of Mount Alford, and is composed 
of practically horizontal hexagonal prisms, pointing to a 
vertical conduit for the molten magma. It is surrounded 
by acid tuffs and breccias and represents a centre of 
rhyolite eruption. 
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4. Basalts. 

Basalt intrudes and caps trachyte along the Main Divid¬ 
ing Range near “The Gap.” Basalt dykes intrude trachyte 
at Mounts Grcville, Edwards, French and Flinders. Basalt 
dykes intrude andesite at Mount Alford, and basalt dykes 
intrude rhyolite at Mount Barney. 

A striking difference is presented between the relation¬ 
ship of the basalt dykes to the streams near the' Main 
(langc aud at Mount Barney. At the former locality the 
dykes cross the streams at right angles, whereas at Mount 
Barney the streams are subsequent and follow the course 
of the dykes. Basalt seems to have been extruded through¬ 
out the whole district by Assure Aows. 

At the Main Range near Toowoomba two distinct dykes 
of large dimensions can be seen along the eastern escarp¬ 
ment—one at the 93 mile post on tho railway line from 
Brisbane, 200 yards in thickness, and the other at the 91 
mile poBt exposing a width of 600 yards in the railway 
cutting. Intrusive sills of basalt occur on the Main Range 
along tho old Warwick Road at an altitude of 2,040 feet, 
and at the “Jump Up" see Ags. 1 and 2. 

Fig. 2. 
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Limestone Hill (Ipswich) has been formed by a Assure 
iiow of basalt and it consists of a brown decomposed basalt, 
white trap, silicifled breccia which has been rebrecciated, 
and basalt. 

Red Hill forms the western portion of the same flow, the 
Assure running through the Golf Park. 

Age of Volcanic Bocks. 

Trachyte and basalt intrude and cap the Trias-Jura Goal 
Measures throughout the whole of the volcanic zone from 
the Main Range to Redbank Plains and portions of the 
Trias-Jura rocks can be found embedded in the volcanic 
breccias at Mount French and Ivory’s Rock. Thus at first 
sight one would naturally conclude that the whole of the 
volcanic eruptions were Post Trias-Jura. 

After very careful search along the Blenheim Greek 
valley and also in the deep gullies at the base of Mount 
Flinders and Mount Alford, waterworp volcanic pebbles 
were found embedded in an extensive bed of conglomerate 
which occurs near the top of the Walloon Series. This 
conglomerate is capped by grits and sandstones for a thick¬ 
ness of about 150 feet. 

At the “Hip Roof” referred to above, a large piece of 
volcanic tuff was found associated with basalt containing 
fossil imprints of Trias-Jura plants. One specimen sub¬ 
mitted to Mr. W. S. Dun for identification was stated to be 
Taeniopteris Daintrei. There seems thus to be conclusive 
evidence that at least some of the volcanic eruptions of 
West Moreton were of Trias-Jura age. This agrees with 
the evidence published by Andrews and Marks. 

Field evidence seems to support the conclusion that there 
have been two distinct and separate series of volcanic 
eruptions in the West Moreton District:— 
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(1) , of Trias-Jura Age contemporaneous with the Walloon 
stage of the Ipswich Goal Measures and including the more 
normal trachytes of the Main Range, Mounts Edwards and 
Flinders and the basalts of the Main Range near Gunning- 
ham’s Gap, and 

(2) , of Tertiary Age including the more alkaline trachytes 
of Mounts French and Greville, the rhyolites of Mounts 
Maroon and Barney, and the basalts of the Toowoomba 
Range. 

Summary. 

1. At least two levels of erosion are to be recognised in 
West Moreton, standing respectively at an altitude of 
2,600 feet and 4,000 feet. 

2. Extensive block faulting has occurred, giving rise to 
what we have termed the Main Range Fault, the Lockyer 
Block, and the Fassifern Block. 

3. An area of fossiliferous Permo-Garboniferous is shewn 
to exist near Mount Barney. 

4. The volcanic sequence is:— 

i. Trachyte 

ii. Andesites and dacites 

iii. Rhyolites 

iv. Basalts 

5. The ages of the volcanic eruptions believed to belong, 

i, to the Walloon stage of the Trias-Jura Goal 

Measures, etc. 

ii, to the Tertiary Period. 

Petrographioal Notes. 

Granophyre , Mount Alford .—Allotriomorphic granular 
rock with very conspicuous granophyric structure. Essen¬ 
tial constituents, plagioclase, anorthoclase, quartz, alter¬ 
ation products of ferromagnesian minerals, ilmenite and 
apatite. Exclusive of the granophyric fibres, the average 



ON THE GEOLOGY OP WEST MOBETON, QUEENSLAND. 151 

grainsize of the rock is even, about 1 mm., though indi¬ 
vidual crystals rise to about 2 mm. in length. The plagio- 
clase is subidiomorphic in form and includes the largest 
crystals in the rock. It is twinned on the albite law and 
occasionally on the Oarlsbad law as well. Here and there 
a little pericline twinning is developed also. The compo¬ 
sition is that of an acid iabradorite. There is also abundant 
felspar quite allotriomorphic, untwinned or very hazily 
twinned, with refractive index less than, or equal to that 
of Canada balsam, and less than that of quartz. This 
appears to be auorthoclase. It is granophyrically inter- 
grown with quartz. In some instances there is a largo 
grain of the felspar with a fringe of granophyrc ; in others 
the granophyrie structure extends to the centre of the 
crystal; while in others there is a nucleus of quartz with 
a fringe of granophyre, but this last arrangement is not 
common. Some independent grains of quartz occur, but 
this mineral is mostly iutergrown with anorthoclase as 
above described. 

The arrangement of the ilmenite is one of the most 
remarkable features of the slide. It is abundant in thick 
tabular sections, sometimes simple, sometimes intergrown 
with the ferromagnesian mineral, and sometimes forming a 
perfect granophyrie intergrowth with quartz and felspar. 
The ferromagnesian mineral (probably augite) is completely 
altered, and is represented by an aggregate of fibrous 
uralite, dark green and pleochroic. Apatite is fairly 
abundant in thin needles. Order of consolidation:— 

Apatite -- 

Ilmenite 

Augite . . —.-. 

Plagioclase .—■■■— 

Anorthoclase _________ 

Quartz - 
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Oranophyre , near base of Mount Alford on the northern 
side.—The rock is granophyric with pseudo-porphyritic 
nuclei of quartz, orthoclase, anorthoelase(?), and haematite. 
Individual grains of the various minerals are up to 4 mm. 
diameter, but mostly are much smaller. Haematite is 
always enclosed in the other minerals and probably repre¬ 
sents the alteration product of original magnetite. Felspar 
is considerably kaolinized. Some is definite orthoclase, but 
some appears to have higher refractive index and shows 
very fine and hazy albite twinning. Sometimes quartz, 
sometimes felspar forms the nucleus round which a grano- 
phyric intergrowth is formed. 

Mount Alford .—There is a marked variation in texture 
within the limits of the microscope slide but the line of 
demarcation is not very sharply drawn. 

The finer grained portion is cryptocrystalline and spheru- 
litic with occasional granophyric patches, very much 
clouded by decomposition products. There are occasional 
phenocrysts of plagioclase, and grains of magnetite up to 
0’5 mm. diameter. 

The coarser portion hasaflne base composed of untwinned 
felspar (orthoclase ?), with a little quartz, chlorite and 
magnetite and very little trace of granophyric structure. 
In this part occur abundant plagioclase phenocrysts and 
grains of titaniferous magnetite very irregular in shape 
and much intergrown with the ferromagnesian constituent. 
The latter is represented by green fibrous uralite. 

The plagioclase phenocrysts appear to be the same in 
both portions. They are idiomorphic, twinned after albite 
and Carlsbad laws mostly, with occasional patches showing 
pericline lamellae, and must be referred to acid labradorite. 

In the coarser portion there occur, fairly abundantly, 
rounded grains of quartz and also one little nest of quartz 
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and calcite. This latter is undoubtedly an inclusion of 
calcareous sandstone and the isolated grains of quartz 
appear to have a similar origin. The whole rock is much 
impregnated with calcite. 

It is probable that the coarse ami line portions represent 
“schlieren” in a non-horaogeneous magma. 

Foot of Mount Oreville .—Porphyritic rock with an even- 
granular base averaging about 2 nun. The base contains 
quartz and orthoelase in about equal amounts together 
with alkaline amphiboles in considerable abundance and 
apparently of several varieties. Among these amphiboles 
we have:— 

i. Ophitic patches of strongly pleochroic dark green to 
brilliant indigo riebeekite. This encloses idiomorphic 
quartz and felspar grains. 

ii. Irregular prisms with ragged ends and sides, pleochroic 
in dark brown to bluish-green tints. It is most difficult to 
obtain suitable sections for optical examination* The 
extinction is nearly straight, but, in the larger grains, is 
not very perfect owing to strong dispersion. The elonga¬ 
tion is negative, but the mineral is too opaque to yield 
figures in convergent light. It is probably arfvedsonite 
and belongs certainly to an older generation than the 
ophitic patches of riebeekite above described. 

iii. Prisms aud patches of a somewhat pleochroic brown 
to yellow mineral, possibly cossyrite. Ibis sometimes 
forms the centre of a thin prism, the outer zones of which 
consist of the green-brown mineral (arfvedsonite ?). 

Phenocrysts of quartz (1 mm.) and of sligtly decomposed 
orthoelase (2 mm.) are not very abundant. There is a good 
deal of haematite staining throughout the rock. 

Summit of Mount Greville .—A very similar rock to the 
last, but decidedly more trachy tic in character, the felspars 
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being more lath-shaped. The cossyrite (?) is much darker 
than in the rock from the base, probably owing to separa¬ 
tion of haematite. In both rocks the amphibole is the last 
mineral to crystallize, enclosing quite idiomorphic quartz. 

Great dyke on Mount Alford. —The rock has an extremely 
fine grained base of lath-shaped orthoelase, considerably 
decomposed, with a little interstitial quartz. Here and 
there a spherulitic structure is suggested. There are 
very occasional phenocrysts of quartz and thoroughly 
glassy sanidine. 

Denitrified obsidian , Mount Alford (not in situ). —An 
extremely fine grained rock consisting of a colourless base 
crowded with green needles. The base consists of a mosaic 
of untwinned orthoelase, having all the appearance of 
having been formed by the devitrification of a glass with 
the composition of a felspar. The green fibres are long but 
excessively thin, strongly pleochroie brownish-green .to 
opaque, and with straight extinction ; they are probably 
segirine. Their arrangement is variolitic, with occasional 
bunches in which the fibres are more radially arranged. 

Obsidian , Mount Alford (not in situ). —Vitrophyricrock. 
The base consists of nearly colourless glass, very clear and 
free from crystallites or other elementary forms. The 
glass is slightly perlitic, but this structure is very imper¬ 
fectly developed. There are abundant phenocrysts of clear 
fresh felspar very sharply idiomorphic. Some of the sec¬ 
tions are broad, suggesting a tabular habit, others are 
rhomb shaped as if the mineral were prismatic. Mostly 
the sections are untwinned or twinned after the Carlsbad 
law, but here and there very hazy moirec structure can be 
seen. The refractive index is less than that of Canada 
balsam. The felspar is probably anorthoclase. These 
phenocrysts contain inclusions in the form of very striking 
negative crystals filled with glass. 
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Pitchstone, Spicer's Gap.—A nearly qplourless glass, 
crowded with minute microlites of felspar in the form of 
excessively thin idiomorphic plates. Sometimes these are 
arranged one above the other in sets of three, with the 
axes of the three plates inclined to one another. At other 
times they have a kind of echelon formation. These over¬ 
laps give the appearance of twinning but the plates are 
really simple. 

There are a very few larger phenocrysts of sanidine, 
idiomorphic and twinned after the Oarlsbad law and some¬ 
what corroded by the base. 

Olivine-basalt, near the summit of Mount Mitchell .—The 
base is pilotaxitic with a very marked How structure. It 
consists of plagioclase, augite, magnetite, ilmenite, and 
apatite. 

The plagioclase is labradorite (Ab„ An n ) in lath shaped 
crystals up to 0’5 mm. in length, twinned after Oarlsbad 
and albite laws. 

Augite is purplish and faintly pleochroic from brown to 
purple and is ophitically arranged. 

Magnetite in small octahedra and ilmenite in thin plates 
appear to be quite independent of one another. There is a 
good deal of dark green chlorite throughout the slide, also 
large quantities of apatite in very fine needles. 

Olivine is fairly abundant in idiomorphic crystals up to 
1 mm. by 0’5 mm., much altered to dark green fibrous 
serpentine. A few irregular cavities are filled with analcite. 

Coarse olivine-basalt , South-east corner of Portion 121 , 
Parish Clumber (near the base of Mount Mitchell. —Coarsely 
pilotaxitic in structure. Two generations of plagioclase 
are present. The individuals of the first set are large 
prismatic crystals with squaro cross sections and reach 
4 mm. by 0*5 mm. They consist of labradorite Ab f An 4 and 



156 


ft. A. WEABNH AND W. G. WOOLNOUGH. 


are quite fresh and twinned after the Carlsbad and Albite 
laws. The felspars of the second generation differ only in 
size, ranging about 0*5 mm. by 0*1 mm. 

Olivine is remarkable as occurring in two distinct gener¬ 
ations, a phenomenon quite unusual for this mineral. The 
earlier formed crystals are magnificent idiomorphic forms, 
3 mm. by 2 mm., with notably good cleavages. Along the 
cracks there is a good deal of alteration into serpentine, 
the fibres standing at right angles to the cracks. Another 
remarkable feature about these large olivines is that peri¬ 
pherally they are moulded on the felspars of the second 
generation. The olivines of the base are of small dimen¬ 
sions and almost completely serpentinized. 

Augite is in brownish-grey grains and imperfect prisms 
0 # 2 mm. long. It is entirely interstitial in character but 
is not ophitic (grauulitic according to Judd). 

Ilmenito occurs in plates and irregular grains enclosing 
felspars but themselves moulded by augite. Also enclosed 
in olivine and augite are a few octahedra of magnetite, 
but most of the iron ore of the rock lias the irregular habit 
of ilmenite. 

There is much apatite in thin needles of a faint but 
decided greenish tint. This is enclosed in all the felspars, 
but not a single example of its inclusion in olivine was 
noted. The abundant chlorite is distributed in such a way 
as to suggest the infilling of numerous microlitic spaces. 
There is a good deal of zeolite filling small irregular spaces. 
It is of two kinds, (i.) cloudy brown almost opaque material 
which is indeterminate, and (ii.) a clear fibrous mineral 
answering to stilbite. 

Quartz syenite , Mum b ilia-Engelbury Road .—Hypidio- 
morphic granular rock of rather variable grainsize. The 
most abundant mineral isanorthoclase in prismatic sections. 
It is perfectly fresh and is simple, shows twinning after 
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the Carlsbad law. The refractive index is always less t han 
that of Canada balsam or quartz, and the symmetrical 
extinctions of the two halves of the Carlsbad twins give 
readings of 9”. On untwinned sections the extinction is 
+ 10°. In addition to this dominant felspar there is a 
small quantity of oligoclase in subidiomorphic sections with 
well marked peripheral outgrowths of anorthoclase in 
crystal continuity. Quartz is not abundan t, it occurs inter- 
stitially in irregular grains. 

The coloured constituents are subordinate in amount. 
Augite is in stout prisms, greenish-brown in colour, aver¬ 
aging about 0*2 mm. by 0*1 mm., but very many are much 
more slender. These have a peripheral border of dark green 
hornblende and very frequently quite considerable terminal 
extensious of the same mineral. This latter occurs also in 
independent crystals but not abundantly. 

Scattered through the slide are ragged and subidiomorphic 
flakes of exceptionally dark brown biotite. The vibrations 
at right angles to the cleavage give a dark brown colour, 
those parallel to the cleavage are completely absorbed. 
There are plentiful thin flakes of ilmenite up to 0*2 mm. by 
0*01 mm. Apatite is exceptionally abundant in excessively 
thin needles up to 0*3 mm. In some of the felspar crystals 
there is a perfect tangle of such fibres. The order of con¬ 
solidation is as follows:— 

Apatite . 

Augite ■ 

Plagioclase ■ 

Hornblende -- 

Anorthoclase . 

Biotite - 

Ilmenite . .. . 

Quartz m . 
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Olivine basalt, Summit of Mount Mitchell. —The rock is 
hyalopilitic. The great bulk of it is made up of minute 
singly twinned felspar microlites with very perfect fluidal 
arrangement. At first sight these appear to be sanidine, 
as their extinction is almost straight, and there are no 
albite lamellae visible. The refractive index however is 
greater than that of cooked Canada balsam, so that the 
mineral is oligoclase. There is very plentiful magnetite 
in minute idiomorphic crystals. 

1 

Much less abundant is augite in yellowish-grey subidio- 
morphic grains, interstitial between the felspar laths. A 
little ilmenite in very thin plates can be made out. 

There is quite abundant interstitial glass, brown to 
brownish-green in colour and quite isotropic. 

Scattered small crystals of olivine up to 0‘5 by 0*2 mm. 
give the rock a porphyritic appearance on a small scale. 

A very few plagioclase crystals of the same order of size 
also occur. Some of these are untwinned and look extremly 
like nepheline, but yield a biaxial figure in convergent light. 

Some of the magnetite grains rise to porphyritic dimen¬ 
sions. 

Rounded masses of small size of fibrous secondary 
material occur, apparently natrolite. 

Porphyritic olivine basalt , Summit of Spicer's Peak .— 
The rock has a pilotaxitic base of oligoclase microlites, 
tiny octahedra of magnetite, needles of augite and small 
pseudomorphs of serpentine after olivine. The arrange¬ 
ment is strongly fluidal; no glass is present. 

Scattered phenocrysts of acid labradorite up to 5 mm. 
by 2 mm. occur. These are very clear and free from 
decomposition and show perfect examples of Carlsbad, 
albite and pericline twinning. They contain fairly abundant 
inclusions of augite granules and long subparallel streaks 
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of a colourless mineral with low refractive index and weak 
double refraction. This is probably another felspar inter* 
grown with that of the large crystal, but the material was 
insufficient for precise determination. 

Quite scarce are pseudomorphs of brown serpentine after 
olivine. The shape and internal structure of the original 
are preserved. 

The secondary material is strongly pleochroic, and its 
double refraction is quite strong for serpentine. 

There is much apatite in tiny needles. Small spaces, 
up to 1 mp. in diameter, mostly quite irregular in shape 
are filled with zeolites, some with analcite, some with 
stilbite. 
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PRELIMINARY NOTE on the GEOLOGY of the 
KEMPSKY DISTRICT, 

By W. G, WooiiNOHOH, i).He., f.o.s.. Lecturer in Applied 
Geology and Mineralogy, University of Sydney. 

[With Plate V.] 


[Bead before the Royal Society of N. S. I Valet, A uguxt ‘2, J9U.] 


Thk author hopes to have an opportunity, in the very near 
future,of spending sufficient time in the field on the Macleay 
and Manning Rivers to enable him to lay before the Royal 
Society a fairly complete account of their geological history. 
The results obtained during a brief visit in January and 
February of this year seem, however, of sufficient interest 
and importance to justify an immediate statement, which 
may serve as a guide to other observers should it be 
impossible for the author to carry out his intended inves¬ 
tigation. 
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Geology of the Macleay River Area. 

Approaching Kempsey from the New England Tableland 
via Armidale, the dominant formation met with on the 
Upper Macleay is an intensely jointed slate. No fossils 
have been met with in this slate series, so the age is 
uncertain. The dips are at very high angles; and jointing 
in several directions, also steeply inclined to the horizontal, 
splits the slates into long prismatic pieces like large Blate 
pencils. These rocks may be as old as Silurian, to which 
system they were referred by Clarke. Bands of con¬ 
glomerate occur at intervals, (as c.p., near Bellbrook) and 
may be of value as a clue to the age of the beds, and as 
persistent horizons for working out their distribution. 

These Silurian (?) rocks are strongly intruded by a mass 
of biotite granite, extensively developed near the junction 
of George’s Greek and the Macleay. 

At Anderson’s Peak near Bellbrook, there occurs a cap¬ 
ping of basalt some hundreds of feet in thickness resting 
upon an isolated peak composed of slates. 

On the east, the Silurian rocks are bounded by a series 
of contorted and cleaved quartzites and slates which we 
may refer to as the Kempsey slates. The boundary appears 
to be near Hickey’s Greek, where a heavy conglomerate is 
met with. In the road sections between Hickey’s Greek 
and Kempsey, the slsty rocks exhibit dips in all directions 
and there does not seem to be any well delined axis of 
folding. 

On the coast between Smoky Gape and South West Hocks, 
what appear to be the equivalents of the Kempsey slates 
occur in broad undulations but with an approximately 
horizontal disposition as a whole. They are black in colour 
and intensely hard, as the result of contact metamorphism. 
This effect is produced by two masses of intrusive rock. 
The bold promontory of Smoky Gape consists of a porphyrite 
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of most handsome appearance; the groundmass is light 
grey, and through it are scattered very abundant pheno- 
crysts of white felspar up to one-third of an inch diameter 
and less conspicuous crystals of dark hornblende. When 
polished it should make one of the most beautiful building 
stones imaginable. 

Connected with this mass are numerous sills of light- 
coloured, line-grained felsitic rock, intruding the black 
sediments lying to the north of the Cape. At Arakoon 
there is a small boss of granite whose junction with the 
dark sedimentary rocks to the south of it is a very con¬ 
spicuous feature in the cliff section. The granite varies 
from grey to pink, the latter colour being produced by an 
abundance of large idiomorphic, flesh-coloured, crystals of 
orthoclase. In the quarry face at the Trial Bay Prison 
the granite is seen to be crowded with large angular blocks 
of intensely altered sedimentary rock, and, as the junction 
line is approached, these masses become larger and more 
numerous till they attain dimensions up to 40 feet in length. 
The granite mass is quite a small one and docs not extend 
as far as South West Rocks where the slaty rocks again 
put in an appearance. At the New Entrance to the Mac- 
leay the quarries for materials for the breakwater expose a 
remarkable conglomerate. In general appearance and in 
the sporadic distribution of its pebbles it suggests a glacial 
till, bht I have no distinct evidence for or against such an 
idea. Between this isolated mass of highland and Kempsey 
stretch the alluvials and swamps of the Lower Macleay. 

Another coastal headland further south, Orescent Head, 
deserves mention. The headland itself consists of greyish 
shales and sandstones dippiug in a northerly direction. 

During the time at my disposal I searched for fossils but 
found only undeterminable plaut remains, probably Equi- 
setacece of some kind. 
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About two miles inland from Crescent Head, and sepa¬ 
rated from it by a belt of swampy land, is a steep escarp¬ 
ment consisting of very massive conglomerates. The form 
of the escarpment is very strongly suggestive of a fault 
parallel to the coast. The lithological character of the 
conglomerate is similar to that of the rocks of Oamdcn 
Haven, which have been determined by Oarne as Trias- 
Jura. The conglomerate extends inland for a considerable 
distance, but is mostly hidden by the marshy alluvials 
which are so strongly developed in this area. 

On the southern side of the Macleay River above 
Kempsoy there occur rocks of very great importance from 
the point of view of Australian stratigraphy, and it is to 
these I wish to direct attention especially. 

Grossing the river at Sherwood we come almost immedi¬ 
ately upon conglomerates interstratided with the Kempsey 
slates, but in this neighbourhood their relationships are 
not at all clearly defined. 

Following the road to Moparrabah and Willi Willi, in a 
general west-north-westerly direction, an extensive series 
of chocolate and olive-green crumbly shalesareencountered. 
These have a fairly uniform dip of N. 30° W. at 15°. 

At Portion 109, Parish Kullatine, a massive belt of 
crinoidal limestone crosses the tiack, but the rocks immedi¬ 
ately associated with it are not exposed. Inclusive of the 
occurrence just noted, the track crosses similar belts of 
limestone three times between this point and Moparrabah. 
In each instance the beds seem to be passed in descending 
sequence, though this is not certain. There may be several 
bands of limestone, or lenticular masses of this rock upou 
different horizons, or one and the same band may have 
been displaced by a series of step faults, throwing.in a 
general easterly direction. Which of these explanations is 
the correct one must be decided by detailed mapping of 
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the district; at present I am inclined to favour the idea of 
dislocation of a single bed by faulting. The limestone belt 
extends more or less continuously in a general E.S.E. to 
W.N.W. direction for upwards of 22 miles, and may be even 
more extensive inland. At various points limestone caves 
are developed, as at Yessabah, Moparrabah and Sebastopol. 
None of those examined by me are of great extent or con¬ 
spicuous beauty, but I was informed that some of the 
caverns to the west of Sebastopol are liner than any of 
those I saw. In one place on Tait’s Creek there is said to 
be a line natural bridge across the valley. 

The most extensive development of limestone is at 
Sebastopol, where a magnificent escarpment of this rock 
rises about 1,000 feet above the valley of Tait’s Greek. 
The main mass of limestone is about 250 feet in thickness, 
and forms a vertical wall of cliff at the summit of the steep 
slope above mentioned. The rock is very dense and some¬ 
what crystalline, but an abundant and fairly well preserved 
fauna has been obtained from it, proving its age to be 
Permo-Carboniferous. The facies of the fauna suggests 
that the horizon of the limestones here may be the same 
as that of the limestones at Pokolbin in the type district 
of the Hunter River. The bed dips N. 10“ W. at 25" to 28* 
and the slope in that direction from the summit of the cliff 
is fairly gradual. 

Towards its base the massive limestone, reef passes into 
flaggy argillaceous limestone and this into chocolate and 
blue calcareous shales, which support a dense subtropical 
44 brush ” on the southern side of Sebastopol. This “brush ” 
hides the continuation of the section at this spot, but in 
the clearer timbered country to the east it is found that 
the shales pass downwards into chocolate mudstones strik¬ 
ingly like those of Lochinvar on the Hunter, and, like the 
latter, containing numerous erratics, some of which are of 
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considerable size. Some of these are distinctly glaciated* 
and no doubt, a careful search would reveal many such. 

At Stony Creek, about Portion 156, Parish Kullatine, the 
road cutting exposes a splendid section of the same form¬ 
ation. Here the chocolate groundmass is crowded with 
sharply angular rock fragments, mostly of small size, but 
contains abundant large erratics, scattered through it, 
singly or in groups. These erratics consist mostly of 
granites and reddish quartzites, and do not, so far as I have 
observed, show any examples of the hard tuff to be described 
presently. One of the erratics from this locality, a boulder 
of quartzite about 12 inches long by 8 inches in diameter 
is beautifully glaciated. This occurrence of till lies iu the 
same position with respect to the limestone belt as that at 
Sebastopol. 

There can bo no reasonable doubt that wc are hero deal¬ 
ing with a new and very extensive development of the 
Lochinvar Glacial Beds of the Hunter Valley, described by 
Professor David. 1 In the type district these Glacial Beds 
form the base of the Permo-Carboniferous System, and rest 
unconformably on Rhacopteris Beds belonging to the Car¬ 
boniferous System. 

The great interest and importance of the Upper Macleay 
Permo-Carboniferous is that the Glacial Beds do not appear 
to be the basal beds of the system, but seein to be under¬ 
lain by a great, but at present undetermined, thickness of 
conformably bedded tuffs. In Parabel Creek these dip N. 
10° W. at 25°. The continuity of the section is not all that 
could be desired, as the wide valley of Parabel Creek 
intervenes between the Glacial Beds and the nearest out¬ 
crop of the tuff to the south, but the first beds of the latter 
which are met with in that direction conform pretty closely 

1 Discovery of Glaciated Boulders at Base of Permo-Carboniferous 
System, Looninvar, N.S.W., Prof. T. W. E. David, this Journal, Vol. 

XXXIII. 
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Sebastopol 


Taits Creek 


McCoys Ck. 


in direction and amount of 
dip to the definite Permo- 
Carboniferous sediments. 
As already stated, the 
latter are by no means uni¬ 
form in their dip and the 
divergence between the 
inclinations of the tuff and 
the limestonesj is not so 
great as the differences 
found in the dip of the 
latter. While this slight 
(dement of doubt as to the 
continuity of the section 
exists with respect to the 
Moparrabah area, a com¬ 
parison with the Manning 
River formations to be 
described later, throws the 
balance of probability 
strongly in favour of con¬ 
formity of file entire series. 
At the time of my visit 
I’umbel Creek was in 
heavy flood, so that the 
measurement of the section 
could not lx* continued 
southwards, but even with¬ 
in that portion examined, 
a very considerable thick¬ 
ness of sub-glacial tufface- 
ous beds is revealed. 


These rocks vary from 
Parrabel Creek bluish line grained flaggy 

beds to coarse tuffaceous 
® ^ sandstones of a greenish or 

purplish colour. 
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Between the Macleay and Manning Rivera no detailed 
examination was attempted, though the formations 
developed and the relationships between them are of very 
great interest and importance. 

On the Manning River several excursions were taken 
with Taree as a centre, and considerable collections of 
rocks were made by enthusiastic residents. 

About two miles east of Taree a thick bed of limestone 
dipping N.E. at 43° crosses the main road. At this point 
the limestone is bluish-grey, rather crystalline, and con¬ 
tains no fossils except a few crinoid stems. What appears 
to be the same bed of limestone was picked up at intervals 
for a distance of about seven miles, in a general west-north¬ 
westerly direction to a point near Wingham. At the Taree 
Rifle ltauge the limestone is dark greyish-brown and dis¬ 
tinctly oolitic. At Ahearn’s (live miles from Taree on the 
Oedar Party Creek Road) it passes into a handsome reddish 
marble, while at Wingham it isagreenish crystalline lime¬ 
stone. At Ahearn’s there are numerous pebbles of Hlaty 
and schistose rock up to four inches diameter, embedded 
in the limestone in a way which suggests the “dumping” 
of small erratics by icebergs. At Wingham well preserved 
specimens of large Aviculopectcns occur, indicating that 
the bed is of the same ago aH, and probably identical with, 
the limestone of the Macleay River. 

No very decisive evidence of the existence of the Loch- 
invar glacials on the Manning has been obtained so far. A 
strong bed of conglomerate occurs below the limestone at 
Taree in the correct position for the glacial bod, but I was 
unable to satisfy myself definitely as to its glacial character. 
At Ahearn’s, immediately below the limestone there is a 
bluish gritty bed, almost a breccia in places, but here again 
no very conclusive proof of glacial origin is forthcoming. 
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Stratigraphically below the limestone, and undoubtedly 
conformable with them there is an immense series of 
greenish tuffs and tuffaceous slates, considerably contorted 
and faulted, so that its exact thickness cannot be estimated 
at present. This series is closely similar in lithological 
character to the sub-glacial tuff of the Macleay River, and 
I feel quite confident as to the identity of the two form¬ 
ations. A very important fact is that certain horizons (or 
a certain horizon) in the Manning area is richly fossiliferous. 
In the railway ballast quarry at the Devil’s Elbow (about 
five miles along the line from Taree towards Wingham) 
there is exposed a massive bed of greenish tuff which con¬ 
tains abundant casts of Paehydomm , which Mr. Dun recog¬ 
nises as being very similar to a form occurring in the 
Gympie Series at Gympie in Queensland. Very numerous 
specimens of this fossil are to be obtained from the railway 
ballast derived from this quarry. What is probably the 
same bed occurs in a railway cutting west of Kiliwarra 
Railway Station, and here again Paehydomm is abundant* 
If these two occurrences arc parts of one bed it should 
provide a most useful persistent horizon in geologically 
mapping the district. 

The discovery of this fossil determines the age of the 
beds as Permo-Oarboniferous, and, taken in conjunction 
with the evidence of the Macleay beds, indicates a vast 
thickness of subglacial beds of that age. A comparison of 
the lithological characters of this subglacial tuffaceous 
series, with those of the gold bearing rocks of Gympie itself, 
shows a very striking similarity between the two form¬ 
ations, and I venture to suggest that we may tentatively 
assume, as a working hypothesis, that the Gympie System 
of the Queensland geologists includes the subglaciai por¬ 
tions of the Manning and Macleay beds. If this is so, a 
detailed survey of the areas described in this note is likely 



168 


W. G. WOOLNOOGH. 


to clear up many of the points which now present difficulties 
in correlating the geological formations of New South Wales 
and Queensland. 

Rocks of undoubted Carboniferous age occur in the 
Manning River area. At Orowdy Head are tuffaceous 
rocks, not essentially different lithologically from the sub¬ 
glacial tuff above referred to. But while the latter beds 
dip mostly northerly or north-easterly, the Orowdy Head 
beds dip southerly, this suggests an unconformity. The 
presence in the Orowdy Head beds of Knorria and very 
abundant plant impressions indicates their Carboniferous 
affinities. The Cape Hawke bods, to be described in a 
paper by Messrs. Briggs and Watson, conform in direction 
of dip to the Orowdy Head beds. Between Krambach and 
Gloucester the dips are mostly southerly, and at Copeland, 
where lithologically similar bods are developed, Lepldo- 
dendron has been met with. 1 The correlation of the 
Lepidodendron beds with those containing Paehydomm is 
a work of first rate importance in Australian stratigraphy, 
and it is the intention of the author to endeavour to 
carry out this work in the near future. 

My thanks are due to the many residents of the Kempsey, 
Taree and Gloucester districts who assisted me by advice, 
hospitality and transport. 1 wish to express my gratitude 
also to Messrs. Briggs and Watson, students at the Sydney 
University, for their loyal and unselfish assistance under 
far from pleasant conditions of field work. Professor David 
and Mr. Dun have been ever ready with advice and help at 
all points, and to them my best thanks are gratefully 
rendered. 


1 Ann. Bep. Dept, of Mines for 1889, p. 280, and Min. Prod. N.S. Wales 
1887, p- 60. 
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Cbe Detection ©T Albumin in fintnan Urine. 


By H. G. Chapman, M.D., B.S. (Melb.), 

(From tlio PhystolOKlcnl Laboratory of the UnlTcralty of Sydney.) 


The term albumin is used by physicians to denote 
certain proteins that appear in the urine of some 
persons. The urine of healthy persons does not 
contain albumin except for brief periods following 
severe exertion, and under other exceptionable cir¬ 
cumstances. In the urine of some persons albumin 
may be present without any other signs of disease 
of the kidneys. This constitutes the condition 
known as physiological albuminuria. 

The presence of albumin in urine can be detected 
by tests which fail to reveal any albumin in the 
urine of most healthy persons. The presence of 
protein can be demonstrated in urine provided that 
special methods involving concentration of the urine 
be employed. The problem of detecting these traces 
of protein in large quantities of urine must be dis¬ 
tinguished from that of detecting albumin in small 
amounts of urine. The detection of albumin in small 
quantities of urine is the theme of this paper. 

Many tests have been employed to reveal the 
presence of albumin in urine, but no single test is 
so free from fallacy that dependence can be placed 
upon it in every case. I propose to place before you 
the methods that have been used by me for some 
years. In order to detect the failure of single tests 
to show the reaction for albumin in urine I have 
employed four different ways of testing every 
sample coming under my notice. For some years I 
used a fifth test, but as it yielded so frequently re¬ 
sults at variance with those obtained by other 
methods, I have ceased to employ it, and to recom¬ 
mend its use to students. The tests have been ap¬ 
plied to the urine in this order:— 

(1) The boiling test. 

(2) Heller's nitric acid test. 



(3) The teat by precipitation with salicyl-sul- 
phonic acid; and 

(4) The test by precipitation with hydro-ferro- 
eyanic acid. 

The fifth test, formerly used by me, was that of 
precipitation by picric acid, or by Esbach’s reagent. 

The art of applying these tests may be considered 
under the following headings:— 

Choice of the sample of urine.—It is preferable to 
use for the tests portions of the mixed urine of 24 
hours. The most generally useful sample of the 
urine for 24 hours is that of the urine passed in the 
day plus the quantity passed during the following 
night. The amount of urine obtained in this way 
corresponds to the food and drink taken by the 
patient, on the day the collection is started. The 
particular hour at which the collection is begun 
should be decided by the habits of the patient. A 
patient awakens and rises at 7 p.m.; urine is passed, 
and the time of micturition is noted. The urine 
passed subsequently in the day is kept. The urine 
passed during the night, if any, and that voided at 
the corresponding hour on the next morning are 
added to complete the specimen for 24 hours. Pro¬ 
vided the patient is warned to pass water before 
defalcation, little urine will be lost, and a tolerably 
accurate estimation of the total quantity of urine 
for 24 hours will be obtained. 

The urine should be kept in vessels which have been 
washed with soap and water and scalded with boil¬ 
ing water before use. Preserved in such vessels urin" 
remains unchanged a sufficient time for the clinical 
chemical examination, unless it has already under¬ 
gone decomposition in the bladder. In hospitals and 
institutions where the same vessels are continuously 
used to hold urine these vessels should be sterilized 
in steam each day. The whole of the quantities of 
urine passed at different times may be mixed to¬ 
gether except when it is needed to examine separ¬ 
ately the morning urine, the evening urine, that 
passed after special work, or that voided after 
occupying some special posture. The urine should 
be mixed thoroughly by inverting the vessel or by 
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stirring carefully. The formation of froth in this 
procedure must be avoided. 

For many purposes it is unnecessary to collect 
the sample of 24 hours, and a portion of urine 
voided at any time may be used. 

Clarification of the urine.—Accurate tests for 
albumin are only possible when the urine is clear, 
bright and free from opacity. Samples kept in clean 
vessels remain free from bacterial growth, and do 
not become cloudy from the presence of micro¬ 
organisms before examination. Turbidity due to the 
presence of amorphous urates and phosphates, crys¬ 
talline substances, blood and formed elements can 
be removed by filtration through paper. The phy¬ 
sician will find it valuable to employ the papers 
made by Messrs. Schleicher and Sehuell, and labelled 
No. 589, white label. These papers should be 
moistened with water on the funnel before use as 
filters. If necessary two papers may be employed 
as a doubled filter, and the urine repeatedly filtered 
through the same filter. Occasionally the examina¬ 
tion of old or decomposed urine is required. If 
possible a fresh specimen should be obtained. If 
this cannot be done, the urine must be cleared as 
far as possible by filtration. It is difficult to clarify 
urine opaque from the presence of bacteria. The 
addition of a little barium carbonate, kaolin, or 
powdered glass, agitation and subsequent filtration 
will be found beneficial in some cases, though this 
treatment may remove some albumin. The addition 
of a few drops of potash, which throws down the 
phosphates of the alkaline earth metals, serves to 
form a flOccident precipitate which mechanically 
carries down bacteria. The urine is filtered, and 
then treated with an amount of acetic acid equiva¬ 
lent to the alkali employed. In these ways urine 
may be cleared before carrying out the tests. 

Cleanliness of apparatus.—The test tubes and 
pipettes used in testing for albumin must be scrupu¬ 
lously cleaned. It is difficult to free glass apparatus 
from albumin once it has dried on the glass. 
Thorough washing even with soap often fails to re¬ 
move the last trace of this dried albumin. It will, 
therefore, be found advantageous to clean all 
pipettes and test-tubes immediately after use. This 



is preferable to an attempt to clean them on each 
occasion before use. Pipettes are easily kept clean 
by washing them in cold tap-water after each occa¬ 
sion when they are used. Test-tubes may be kept 
fit for use by washing them with cold water several 
times under the tap, then giving them a scrub with 
a test tube brush with a little soap on it, and rinsing 
three or four times under the tap. They should be 
stood inverted in the rack. 

The reaction to litmus.—Most urines give the 
amphoteric reaction, turning sensitive blue litmus 
paper red and red litmus paper blue. The reaction 
is accurately determined by placing with a glass 
rod a drop of urine on the dry paper, and shaking it 
off after 20 seconds. Some urines react acid. Such 
urines are usually dark-coloured and of high specific 
gravity. Other urines react alkaline. The latter urines 
contain alkaline carbonates, and effervesce on the 
addition of dilute acetic acid. They must be ren¬ 
dered faintly acid by the addition of acetic acid 
precedent to testing for albumin. After the ad¬ 
ministration of citrates, acetates, tartrates and 
carbonates, the urine contains much carbonate, and 
the addition of a few drops of strong acetic acid 
(40 per cent.) may with advantage precede the use 
of dilute acetic acid (2 per cent). When the urine 
has decomposed with the formation of ammonium 
carbonate from urea, the same procedure may be 
employed. Unless the alkaline urines are accurately 
neutralized, fallacious results are readily obtained 
on applying the tests for albumin. 

The specific gravity.—It is a good practice to take 
the specific gravity of the urine at the commence¬ 
ment of the routine examination of urine. This is 
done by floating a urinometer in the urine, and read¬ 
ing off the mark on the stem opposite the lower level 
of the meniscus of the superficial layer. This is thus 
read through the urine, the eye being at the level 
of the surface. This is sufficiently accurate for most 
purposes, though the reading should be made at 
15.5 deg. C. (60 deg. F.). A large correction is neces¬ 
sary when the urines are tested at or near 35 deg. C., 
as may happen with specimens taken in cases for 
insurance. High specific gravities suggest the possi 
bility of certain fallacies in some of the tests. 



The boiling test.—About three inches of urine are 
introduced into a test tube. One drop of 10 per 
cent, acetic acid is added to any urine not acid in 
reaction to litmus, and the contents of the tube 
mixed by inversion. The upper inch of the urine is 
heated in a small dame, the test tube being held at 
the bottom. The heat should be applied gradually 
until the fluid boils. The dilute acetic acid (10 per 
cent.) is then added drop by drop to the hot urine. 
A persistent cloud shows the presence of albumin. 
A cloud may appear on boiling, due to the precipita¬ 
tion phosphates of the alkaline earth metals, but this 
cloud dissolves on the addition of acetic acid. When 
much albumin is present the cloud is replaced by a 
flocculent precipitate. This precipitate may be so 
considerable that the urine became solid. Five to 
ten drops of acetic acid may be added to the hot 
urine when a cloud is present, as there is no possi¬ 
bility of the solution of coagulated protein. When 
no cloud is present on boiling the acetic acid is 
added drop by drop, waiting five seconds between 
each addition of the acid until five drops have been 
added, the course of each drop through the urine 
being observed. If a cloud is formed in the path of 
the drop the further addition of acid should be per¬ 
formed very slowly. When the* test is performed in 
this way, a faint cloud is readily observed by its 
contrast with the clear transparent urine below, 
especially against a dark background. Clouds may 
be also obtained due to the presence of mucin and 
nucleoprotein. 

Heller’s nitric acid test.—About one inch of pure 
colourless concentrated nitric acid is placed in a 
test tube. Five cubic centimetres of urine are drawn 
up in a pipette. The test tube is held inclined to the 
horizontal until the nitric acid reaches half way up 
the test tube. The pipette is held nearly horizontal, 
and the urine allowed to run slowly down the glass 
on to the urine. The line of junction between the 
acid and urine is examined. A white cloud at the 
line of junction indicates albumin. It is advisable 
to allow the test tube to stand for 30 minutes before 
drawing a negative conclusion. Care must be taken 
not to confuse coloured rings with the clouds. 
Similar clouds appear due to mucin and nueleopro- 
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tein.* A cloud may appear from copaiba resin. 
Clouds formed above the line of junction may be 
due to urea nitrate or urates. The urea nitrate is, 
however, crystalline. When there is any doubt as 
to the nature of a cloud the urine should be diluted 
with an equal volume of water, and the test repeated. 
Urea and urates give clouds only in highly concen¬ 
trated urine. The cloud due to resin of copaiba is 
soluble in alcohol. 

i 

Precipitation with salicyl-sulphonic acid.—This 
test was introduced by McWilliam. (1) The 
reagent is used in a saturated aqueous solution. Five 
drops of the solution are added to a test tube three- 
fourths filled with urine and mixed by inversion. 
The urine shows a fiocculent precipitate, a cloud or 
an opalescence according to the amount of protein 
present. Any urine not alkaline in reaction yielding 
no opalescence with this reagent is free from albu¬ 
min. Precipitates may form with mucin, nucleo- 
protein, and many other substances. 

Precipitation with hydroferrocyanic acid.—One 
inch of urine is mixed with an equal quantity of 8 
p.e. aqueous solution of potassium ferro-eyanide. 
A 10 per cent, solution of acetic acid is added drop 
by drop. A fine white precipitate is produced in 
the presence of albumin. Mucin is not precipitated 
but nuclcoprotein may be. The test is rarely fal¬ 
lacious from precipitation of other bodies than 
protein. 

Relative delicacy of the tests.—A urine yielding 
no positive reaction with any of the above tests is 
mixed with human blood serum. The amount of 
protein in the serum is estimated gravimetrically, 
so that it is possible to measure accurately the dilu¬ 
tion of the protein in the urine. As this takes time, 
the serum is diluted with urine, and the exact figures 
obtained when the albumin in the scrum has been 
estimated. Care must be taken that the temperature 
of the urine is 15 deg. C. The dilutions are made 
with considerable quantities of the serum diluted 
with urine, at least 50 c.cm. being diluted each time. 
A series of dilutions of orders of magnitude, 1 in 
20,000, 1 in 25,000, 1 in 30,000, 1 in 100,000, 1 in 



500,000, and 1 in 1,000,000 are made. Some results 
are shown in the table:— 


Dilution of 
albumin. 

Boiling 

test. 

_ i 

Nitric 
acid test. 

Ralioyl- 
sulphonic 
acid test. 

Hydro- 
frrocyanic 
acid test. 

1 in 20,000 .. 
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1 in 26,000 .. 



? 

_ 

_ 

_ 

_ 

1 in 30,000 .. 



— 

_ 

_ 


_ 

1 in 100,000 



— 

_ 



__ 

1 in 600,000 



— 


_ 



1 In 1,000,000 .. 

? 

— 

7 



— 

No albumin .. 


~ 

_" 1 . 


— 

- 

— 


-I- = |>oh1Hv« reuotiun wlicti tin* («*nt In rnrrtiMl out hh (IcwHInmI miprn. 
- =r notriitlvc rout tlou tlu* t••Hi In enrrliMl out it* iloNorHifil Ktiprti. 

1 rr reaction Iihh be«*n Hometltni** inwIHvo nn<l wunot lim>x uoruIIvo. 

The quiinlUlea of nlhumln rvprewMit part* l»y weight of dried protein 
In parts by volume of the urine. 

Tt will be seen that the tests vary greatly in 
delicacy. 

The cold nitric acid test is much less sensitive 
than the others. It yields a positive result with a 
urine eontaining 1 part, of albumin in 20,000 of 
urine. Tt yields a negative result with a urine eon¬ 
taining 1 part of albumin in 20,000 of urine. It is 
only possible to detect 1 part in 25,000 in some 
urines. Two tests are exceedingly sensitive, belong¬ 
ing to the series of the most sensitive chemical tests 
known. These tests are the boiling test and salicyl- 
su 1 phonic acid test. They detect 1 part of albumin 
in 500,000 of urine witli certainty, and sometimes 1 
part in 1,000,000 of urine. The hydroferrocyanic 
acid test always detects 1 part of albumin in 100,000 
of urine, and rarely 1 part in 500,000 of urine. 

These results have been obtained by me two or 
three times a year during the last ten years. They 
have been checked by some hundreds of students. 
As different urines and different albumin must be 
used on each occasion it appears probable that they 
give the limits of accuracy of these tests with some 
correctness. In the table the actual figures have 
been rounded off. 

As the 24-hour sample of urine in this country 
does not often exceed 1 litre, the nitric acid test 
detects the presence of 50 milligrams of dried pro- 
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tein in 1 litre of urine. This is equivalent to an 
admixture of 1 c.cm. of blood serum to the litre. The 
hydroferroeyanic acid test detects an admixture of 
0.2 c.cm. of blood serum, and the salicylsulphonic 
acid and boiling tests an admixture of 0.04 c.cm. in 
the litre. In this way it is possible to determine how 
much serum has passed the kidney in any case. 
Figures like these also give data to form a judgement 
as to whether the albumin present in a case is due 
to the inclusion of cellular elements or to the en¬ 
trance of proteins from the blood. 

The presence of nucleoprotein.—Certain writers 
distinguish between nucleoprotein and albumin. 1 
have invariably found that albumin accompanies 
nucleoprotein in urine. For clinical purposes 
nucleoprotein may be regarded as albumin. Nucleo¬ 
protein may be distinguished from the other pro¬ 
teins found in urine by its precipitation with dilute 
acetic acid in the cold. The test is conveniently 
carried out as a ring test. 

It is now possible to discuss the use of these four 
tests. It may be granted that they are all of suffi¬ 
cient delicacy with the possible exception of the 
nitric acid test, which might fail to show a minute 
trace of albumin in the earliest stages of Bright’s 
disease. The difficulties in their use are due to fal¬ 
lacies caused by the presence of drugs and the pro¬ 
ducts of the oxidation of certain foods in the urine. 
These complicate some tests more than others. The 
use of several tests guards against error in applying 
any single test. It may be safely accepted (1) that 
any urine giving a negative result with the salicyl- 
sulphonic acid test is free from albumin, (2) that any 
urine yielding positive results with the four tests 
contains albumin, (3) that any urine yielding a 
negative result with the hydroferroeyanic acid test 
and faint positive results with the other three tests 
contains mucin, but not albumin*, and (4) that any 
urine yielding a negative result with the cold nitric 
acid test, and faint positive results with the other 
three tests, contains a trace of albumin. 

REFERENCE. 

(1) “British Med. Journal/' 1891, vol. 1, 887, and 1892, vol. 
2, 115. 

* Such a urtae yield* a precipitate wltb dilate acetic add in cold. 
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NOTH ON THE ESTIMATION OF FAT IN FOOD 
FOR INFANTS. 

By H. G. Chapman, m.d. 

(From the Laboratory of Physiology in the University of Sydney.) 

[Read before the Royal Society of N. 8 . Wales, December 2,1914.] 

Recently I analysed a food prepared for infants. The 
estimation of the fat led me into serious error. Special 
investigation wa9 needed to obtain an accurate result. 
The composition of the food is indicated from the following 
data. It contained 2*25% of water. The quantity of 
nitrogen was 2*8% (2*79 and 2*81), of which 0*25% repre¬ 
sented non-protein nitrogen. The percentage of ash was 
3*55 (3*557 and 3*553). About 60% of the food consisted of 
carbohydrate of which about one-sixth was insoluble in 
alcohol (dextrins). At 45’ €., 72*9% of the food dissolved 
in water and 67*6% was dissolved by boiling water so that 
5*3% of protein was soluble at 45° 0. 

An attempt to estimate the fat was made by placing the 
dried powder in a thimble into a Soxhlet’s apparatus and 
extracting it with dried ether free from alcohol. The 
results are given in Table I. 


Table 1. 


Mo. 

Weight of Dried Food 
in gme. 

Weight of Fat extracted 
in gins. 

Percentage of 
Food. 

l 

0-683 

00514 

7-40 

2 

0*7421 

00575 

7-57 

3 

0-829 

0-0636 

7-50 

4 

1-5198 

0-1110 

714 


In order to be certain that the whole of the fat was 
extracted, the material was redried and again extracted 
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for twenty-four hours in the apparatus. Less than one 
milligram of fat was recovered. Later an extraction was 
made in a similar way of the contents of six different tins. 
The averaged result was 7*24% of fat, which agrees 
sufficiently with the averaged result of the figures in Table 
I, viz., 7*4%. 

An estimation of the amount of fat extracted by petro¬ 
leum ether was also made in the same way. The estimation 
gave 6*27% on the first extraction. Redried and extracted 
a second time, less than 0*02% of fat was obtained. 

The fat was estimated also by the Rose-GottliebMethod. 1 

The results are tabulated in Table II. 


Table II. 


No. 

| Weight of Food in gm. 

Percentage of 

1 

1-4915 

16*67 

2 

1*8895 

16*75 

3 ! 

i 

1*9820 

16*9 

4 | 

2*1660 

17*0 

r> ! 

2*6380 

17*0 


The figures show an averaged result of 16*85%. This 
figure is more than twice that obtained by the ordinarily 
employed method of extraction. 

In order to determine whether the fats extracted by the 
two methods were identical, their saponification numbers 
were determined by Koettstorfer’s process. The numbers 
obtained were 231 and 236 respectively. Botli samples of 
fat contained a trace of nitrogen (under 0*1%) and yielded 
no weighable amount of asli on incineration. 

To confirm the figures obtained by the wet process of 
Rose and Gottlieb, a weighed quantity of infants 9 food was 

1 Aberhalden, Arbeitamethoden, Bd v., Abt. i, S. 432, Berlin u. Wien, 
1011 . 
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placed in a cylinder and mixed with 10 oc. water. The 
contents of the cylinder were washed on to filter paper, 
previously extracted with ether. The water was driven 
off at 90° O. The washing of the traces of undisBolved food 
from the cylinder was a tedious process which occupied 
about two days. The dried filter paper was extracted with 
dry ether in a Soxhlet apparatus. The filter paper was 
redried and the extraction repeated. The results are 
recorded in Table III. 


Table III. 


No. 


Weight of Pood iu gm. j Weight of Pet in gm. 


1 

2 

3 


07457 

1-4785 

4-368 


01310 

0-2152 

0-3635 


Percentage of Pat. 

17-5 

14-5 

8-3 


It will be seen that the fat is completely extracted when 
the quantity of food is less than 750 mg. Similar results 
were obtained by repeating the experiment. An attempt 
to vary the method by mixing the food with glass wool, 
moistening with water aDd drying, yielded only 9.87% of 
fat. The saponification number of the fat obtained by this 
method was 232. The fats obtained were thus all butter 
fats. 

To elucidate the failure of the extraction by ether per¬ 
formed in the usual manner, two other foods for infants 
made by the same firm were subjected to analysis. Both 
these foods gave the same figures for fats by extraction 
with ether and by the process of Rose and Qottlieb. 

The results are recorded in Table IV. 

Table IV. 


No, Percentage of Fat on extraction. Percentage of Fat, Brise-Gottlieb. 

1 5-31 

2 6-73 


54 

6-6 
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It is proposed to deal in a later paper with the physical 
cause of this peculiarity. 

I beg to record my indebtedness to Professor Sir Tbomas 
Anderson Stuart, in whose laboratory this research was 
undertaken, to W. M. Hamlet, Esq., for much valued 
criticism, to the Nestle and Anglo-Swiss Condensed Milk 
Company for the opportunity to make these investigations 
and to Mr. P. N. Woollett for much assistance in the 
conduct of these analyses. 
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LEGAL STANDARDS FUR INFANTS’ FOODS 


By H. G. Chapman, M.D., B.S. 

I From I hr Uhysiologival Laboratory of the University of Sydney. | 


It has been found that infants fed on human 
milk are more likely to survive than those fed other¬ 
wise than from the breast. Not only is the rate of 
mortality less among breast-fed children than among 
hand-fed infants, but the incidence of diseased con¬ 
ditions is greater among those fed on foods not de¬ 
rived from human mammary glands. The medical 
profession has recognized these facts and advocated 
that the mother should feed her child whenever 
it is possible. Many mothers are unable to provide 
sufficient nourishment for their infant, so that it is 
necessary to supply additional food to the infant. 
Some mothers do not feed their infants at all, and 
the children are nourished entirely by what are 
known as “artificial foods .’ 1 

It is the custom to regard the method of feeding 
on the breast as physiological, and to endeavour 
to approximate to these conditions of feeding when 
other modes of nourishment are adopted. If the 
conditions of suckling of infants are examined, at¬ 
tention may be directed to the amount, of milk 
taken by the child at each meal or during each day, 
and to the composition of this milk. It is only 
when these data have been ascertained that it will 
he possible to determine the amount and kind of 
material that should be supplied in the place of 
human milk. When search is made for these data, 
it is remarkable how little information is available in 
the literature. It should be quite easy with the aid 
of such a simple instrument as a pair of scales to 
determine how much milk infants take in each 
twenty-four hours or at a meal. I have not been 
able to obtain any data whatever as to the amount 
of milk taken at any time during the first six months 
of life by infants born in New South Wales. Tf re¬ 
course be made to data collected in other parts of 



the world, it is surprising to find how few measure 
ments have been made. Great variations appear in 
the results of different investigators. As this matter 
is of importance to every person in the State, it 
should he useful to know how much food is taken 
by a thousand infants during each week of their 
period of suckling. These figures should then be 
examined by a simple statistical method to deter¬ 
mine whether there is any constancy in the amount 
taken pach day by infants of the same age. As far 
as I can ascertain, infants do not take less than 400 
c.cm. or more than 2,000 e.cm. of milk in the twenty- 
four hours during the fourth week of their life. This 
range is so wide that without a sufficient number 
of figures no very definite conclusions are possible. 

The composition of human milk has been exam¬ 
ined more frequently than the quantity of the fluid 
secreted has been measured, in Australia, very few 
data are available. Mr. Wardlaw has presented us 
with a series of figures on the amounts of the vari¬ 
ous components in human milk during the early days 
of lactation. Wc require similar series for the milks 
of mothers at the third, sixth and ninth months of 
lactation. Tt may perhaps be necessary to make 
even more frequent examinations if the composition 
of milk shows any periodic variations during the 
course of the lactation. 

Mr. Wardlaw’s data are of value for com¬ 
puting the composition of milk in the early days 
of lactation, hut his method of examining his results 
may be applied to other series of analyses of human 
or animal milk. It is remarkable how few series of 
analyses of human milk have been made. I have 
only been able to find four series in which more 
than fifty samples of human milk have been analysed 
with the object of obtaining more or less roughly 
the quantities of the chief constituents, recorded in 
the literature of the last thirty-five years. 

When the simple statistical method used by Mr. 
Wardlaw is applied to the figures found in the 
papers recording the results of these series of 
analyses, they show that the general characters of 
the results obtained by Mr. Wardlaw are still evi¬ 
dent. It becomes apparent that the constituents of 
human milk may be classified into two groups. The 
first group includes the solids not fats. These sub- 



stances are secreted as the result of a mechanism, 
which is of such a kind that the amounts of these 
bodies are approximately constant in all milks. This 
mechanism, no doubt, is in part similar to that which 
brings about the approximately constant molecular 
concentration of the blood serum in all women. The 
second group includes the fats. The variations in 
the quantities of fats in human milks show that the 
mechanism leading to the passage of fat in milk is 
of such a nature that great variations in the amounts 
of fats become possible in the milks of different 
women. It is evident, therefore, that different in¬ 
fants fed on the breast will receive milks with ap¬ 
proximately constant concentrations of solids not 
fat, but with very different concentrations of fats. 

It is now advisable to consider the conditions of 
growth in the infant. The human infant increases 
in weight slowly. The infant doubles its weight 
in about 200 days. It weighs 2 to 5 kilos at birth, 
so that it increases in weight by 2 to 5 kilos in 200 
days. This increased weight involves the addition 
of from 1.3 to .‘1.3 kilos of water and 0.7 to 1.7 kilos 
of dry solid matter. It. has been pointed out that 
the infant takes from 400 c.ein. to 2,000 e.cm. of 
milk each day as food. This contains from 40 gm. 
to 200 gm. dry solid substance. In 200 days the 
infant receives from 8 to 40 kilos of solid matter. 
Tt is obvious that the infant only uses about one- 
tenth of its solid food for building its tissues. The 
remainder of the food is used to heat its body. The 
infant differs in this way from many animals, in 
which a greater proportion of the food is used for 
the formation of the permanent structures of the 
animal. It has been found that the rate of growth 
is determined in animals by the character of the 
various constituents of the food, and especially the 
kinds of amino acids available in consequence of 
the digestion of protein. To attain a rapid rate of 
growth an animal must receive such amino acids in 
its food, that each of the requisite acids needed for 
the manufacture of its body proteins is present iu 
sufficient quantity. 

The useful infants’ foods prepared by manufac¬ 
turers may be divided into four groups: (1) dried 
cows’ milks, in which the solids of the milk are pre¬ 
sented in a finely divided form; (2) dried cows’ 
milks to which additional fat has been added; (3) 



mixtures of dried cows’ milk, with preparations of 
various cereals, in which the starch of the grain is 
more or less completely converted into maltose and 
glucose; and (4) preparations of cereal grains sub¬ 
jected to various kinds of digestive treatment. It is 
probable that all these foods have a useful place 
as substitutes for human milk, but are subject to 
the limitations already mentioned. 

The Acts which are in force in Australia all lay 
it down that the composition of infants’ foods must 
be such that when prepared as directed for con¬ 
sumption, they shall approximate in composition to 
human milk. In the administration of these Acts, 
difficulty has been experienced. Regulations are 
required to enable the administration of the Acts 
to he carried out satisfactorily. These regulations 
set out a standard for the composition of human 
milk and a certain degree of variation on the stan¬ 
dard is permitted. 

As there are six States in the Commonwealth, 
and as each can have a different regulation, attempts 
have been made to secure uniformity through the 
intervention of the Commonwealth. The Common¬ 
wealth authorities have proposed a standard with a 
deviation of d0% either way from it. 

Such a standard assumes a degree of rigidity in 
the composition of human milk fit for consumption 
by infants which is not in accord with the data 
available. If this standard was applied to the milks 
of Australian mothers, then 60% of the milks would 
he condemned as not fit for consumption. Yet the 
infants thrive on these milks. The difficulty arises 
from the fact that the standard lays undue stress on 
the relative concentration of the various constitu¬ 
ents, while the nutrition of the infant is deter¬ 
mined by the quantity of food consumed. Again, 
the standard insists on a particular ratio between 
fat and sugar, while actually these substances can 
replace one another in the production of the heat 
of the body. 

All those foods composed of milk and digested 
cereal have too high a concentration in sugar as com¬ 
pared with fat when judged by the canons of the pro¬ 
posed standard. Experience has taught us that these 
foods are well borne by the infant. The variety in 
the amino acid is probably an advantage to the 



growing infant. It is therefore urged on the health 
authorities that, until definite information of the 
harmful character of these preparations is produced, 
a larger deviation from the standard be permitted, 
so as to allow those foods in which the heat energy 
is derived from carbohydrate to be sold without a 
special label. Such foods contain a high percentage 
of carbohydrate and a low percentage of fat. In 
Ihe standard the ratio of carbohydrate to fat is 
roughly 2:1, while these foods mostly contain four 
part of sugar to one of fat. This range is no greater 
than that found in the milk ot* many Australian 
mothers. In these foods most of the starch is con¬ 
verted to sugar, and the standard should determine 
the maximal amount of starch to be permitted. It 
is difficult to convert the last traces of starch, so that 
an absolute prohibition of starch is unnecessarily 
severe. An amount not exceeding one per cent, of 
the food would be quite harmless. If the deviation 
allowed was extended to 50%, then the regulation 
would be more in accord with the degree of variation 
present in the food of breast-fed infants. 


Sltippinft Newspaper*. lid., 16 Bond street, Sydney. 




[From the Proceedings of the Linnean Society of New South Wales, 
1912 , Vol xxx wit., Part /, April 2J+th.] 

THE CHEMISTRY OF DORYPHORA SASSAFRAS. 

By James M. Petrie, 1).So., F.I.C., Linnean Macleay Fellow 
of the Society in Biochemistry. 

(From the Physiological Laboratory of the University of Sydney.) 

Doryphora sassafras Endlicher, is the characteristic sassafras 
tree of New South Wales, as Atherosperma mosehatnm is of Vic¬ 
toria, and Cinnamomnm Oliveri is of Queensland. Of these, the? 
latter alone belongs to the Lauraeese, the same Order as the true 
Sassafras officinale of North America; while Doryplmra and 
Atherosperma are in the N.O. Monimiacea*. 

D. sassafras is indigenous to Eastern Australia, and is confined 
almost entirely to New South Wales. It logins in the south of 
Queensland, and extends southward almost to the Victorian 
border, while inland, it is limited by the blue Mountains and the 
coastal ranges. It grows to an average height of 50 to 80 feet, 
but in some places has attained the height of 180 feet. 

Aborigines, and also country people, make a tea from the bark, 
which they drink as a tonic. The light yellow wood possesses 
the fragrance of the bark, and is not attacked by insects. 

Al>out a half hundredweight of bark was collected by Mr. VV. 
11. Waters, near Fitzroy Falls, Moss Vale, in June, 1907, and 
was identified by Mr. 11. T. Baker, Curator of the Technological 
Museum, from specimens of leaves and fruits. The fragrant 
odour of the hark in its fresh state was very strong, and during 
the drying, part of the volatile oil escaped, and the fragrance 
lessened, and finally lieeamc very faint. The air-dried material 
was laid aside at the time, until a convenient opportunity could 
be obtained to begin the investigation. During the three years’ 
storage, a considerable portion of the most volatile constituents 
must have been lost, as the faint aromatic odour persisted 
throughout, and the air of the storeroom was constantly laden 
with the vapour. 
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Preliminary Analysis. 

A small quantity of the powdered bark was first examined to 
ascertain the general characters of the constituents. It was 
passed through a 0*5 mm. sieve, and a weighed portion dried at 
100°C., to constant weight. The fragrance during the heating 
was quickly replaced by a disagreeable odour, which persisted to 
the end. After weighing, the dried material was incinerated and 
the asli weighed. The following results were obtained :— 

Air dried bark. 

Loss at 100°C.—vol. oil and moisture ... 11*16% 


Ash. 3*48 

Organic portion (by difference). 85 36 


100 00 

Action of various Solvents .—20 gins, of the same powdered 
sample were next extracted successively with various solvents. 

Petroleum Spirit Extract .—This was evaporated to dryness at 
room temperature in a slow air-current, and the residue weighed. 
This residue possessed the fine fragrance of the volatile oil. 
When transferred to a desiccator, and the drying continued for a 
number of days, it continued to lose weight, and on the fourth 
day the fragrant odour had disappeared. The residue left was a 
thin pale yellow liquid. It was heated in the oven at KXTO., 
and attained a constant weight after 16 hours. This residue 
possessed a disagreeable, slightly pungent odour. 


Weight of first diy residue. Ii9% 

„ after 4 days in desiccator. 1*07 

„ after heating to 100°C. 0*40 

„ of fragrant essential oil. 0*12 

,, of other volatile oils. 0*67 


The residue, after heating, consisted of fixed oil, and a little 
resin. No alkaloids were found in the petroleum spirit extract. 

Ether Extract. — When evaporated at room temperature, and 
dried in a desiccator, this amounted to 1*05%. Of this weight, 
0*325 was volatilised by heating to 100°, and probably consisted 
of the same volatile oil as that obtained in the previous extract 
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The fixed oil was dissolved out by petroleum spirit, 0-166%. 
Water removed in solution a part, which gave all the alkaloidal 
reactions, and there was left 0*234% of insoluble resins. 

Volatile oil (vol. at 100°C.). 0 325% 

Fixed oil (ioI. in petrol, spirit). 0*166 

Resina (insol. in water). 0*234 

Alkaloid, etc. (diff. sol. in water). 0*325 

1*050 


Alcohol Extract . From the residue, after petroleum spirit, and 
ether, alcohol extracts 3*2% of solid matter. From this, water 
removed a substance which gave a very persistent froth. Dilute 
ammonia dissolved a considerable part, and from this solution, 
when acidiffcd, a brown deposit separated, mainly consisting of 
resins soluble in dilute alkali. The water-soluble portion gave a 
very pale green colour with iron alum, and gelatin solution gave 
only a small precipitate. The tannins were precipitated by lead 
acetate, and weighed, after deducting the lead oxide, 1*24%. 
The filtrate, after removing the lead, was tested with Fehlitig’s 
solution, but no reducing substances were present either before or 
after hydrolysis with acid, showing the absence of glucosides. 
The alcoholic extract contains : — 

Part insol. in water—resin*. 1*00% 

PbA ppfc.—tannin* (chiefly). 1 ‘24 

Other substance*. 0 96 

3*20 

Water Extract .—This contained 5% of material in solution. 
From it was separated, mucilage and dextrin in very small 
amounts. The amount of glucose, or reducing sugars obtained 
by Fehling’s solution, and weighing the CuO, was 1%, and after 
hydrolysis by boiling with hydrochloric acid for 20 mins., 1*53% 
of glucose. 

Total carbohydrate by hydrolysis.... 153% expressed as glucose. 

Reducing sugars... 1*00 ,, „ 

0 53 


Saccharose group, 
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The material left after the water extraction was then treated 
with 1 % hydrochloric acid, in order to detect calcium oxalate. 
The extract was neutralised with ammonia, and precipitated with 
2 vols. of alcohol. The flocculent brown deposit was dried and 
burnt, dissolved ill acid, iron and other metals removed, the 
calcium precipitated as oxalate and titrated. The equivalent of 
calcium oxalate was 1*23%. 

Results of the preliminary examination of air-dried bark : - 


1. Extracted by petroleum spirit. 1*19% 

2. Extracted by ether. 1 *05 

3 Extracted by absol. ethyl alcohol. 3'20 

4. Extracted by distilled water. 6 00 


1044 

The approximate constituents found are : — 

(a) (6) 


Volatile essential oils. 

1117 per cent. 

1 -24 per cent. 

Fixed oils. 

. 0-566 

0-63 

Resins. 

.. 1*234 

1-37 „ 

Tannins (etc , pptd. by PhA.) . 

.. 1*240 

1-38 

Reducing sugars (as glucose). 

.. 1-000 

Ml 

Saccharose sugars. 

... 0*630 

0 59 

Calcium oxalate. 

.. 1-230 

1*37 ,, 

Alkaloid (approx.). 

.. 0-325 

038 


{a} Calculated on air-dry material; (b) on material dried at 100V. 

The prominent features brought to light by the above examina¬ 
tion are (l)the existence of a fragrant essential oil, part of which 
was exceedingly volatile, and passed oft* into the air at ordinary 
room tomporature. It was found impossible to volatilise tlie 
solvent from the ethereal or petroleum spirit solution, in the usual 
way by a current of air, without losing the greater part of the 
highly volatile constituents. (2) There was dissolved by alcohol 
a quantity of aromatic resins; and (3) a small amount of tannin. 
(4) The presence of an alkaloid was shown. 

Analysis of the Inoroanic Portion. 

The ash constituted 3*48% of the original bark 

3*93% of the bark dried at 100 b , 
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.The aah contained 18 33% soluble in water. 

70*6*2% soluble in HCb 
11*06% insol. in HC1. 

The entire ash was found to have the following composition, 
and is compared with the Victorian sassafras, Atherosperma 
mo8chatum, under the same conditions, from Zeyor s analysis(l). 


Doryphora. A tht rotjw ma. 


Total a*b, 


3 93 4 06 


Na-,0.... 

K fl O. 

MgO . 

CaO. 

A1n,O s . 
Fe s 0 8 .. 
Al,O a . 
Cl. 

so 8 . 

P t O..... 
Insoluble 
CO a . 


0-263 
0*102 
0*069 
1*450 
0*018 
0 070 
0 085 
0179 
0 099 
0*105 
0*434 


0*398 

0*164 

0*177 

1*845 

0*019 

0*004 

0*008 

0*065 

0*058 

0*048 

0*056 

1*220 


Bulk Extraction. 

For the more complete examination of the constituents of the 
bark, a large quantity was next treated as in the following 
scheme 

Extraction with alcohol. 

Hteam distillation of the extract, yielding 

A. Volatile oil. 

C. Aqueous distillate. 

C. Insoluble resins. 

D. Alkaloid in aqueous solution. 

The air-dried bark, weighing 18 kilos., was passed through a 
}M>werful disintegrator, and the powder extracted twice with hot 
9.V o methylated spirit. The extract was distilled under dimin¬ 
ished pressure, and in the removal of the solvent much of the 
exceedingly volatile oil was unavoidably lost. The thick tarry 
liquid left in the still, and measuring about one and a half litres, 
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was transferred to a large flask, and distilled in a current of 
steam for many hours. A heavy yellow oil was carried over with 
the steam, and condensed. The oil was removed by a separating 
funnel, and the aqueous distillate was shaken up with petroleum 
spirit, which removed a further amount of oil existing as minute 
suspended globules. From the latter the solvent was removed, 
and the yellow oil added to the main portion. The residue in the 
retort consisted of resins, made insoluble by the loss of the 
essential oil in which they were originally dissolved, and the 
alkaloid partly in solution. 

A. Tub Volatilk Oil. 

The yield of oil from the steam distillation was 75*3 gms., 
equivalent to 0 42% of the bark. Since the figure given in the 
preliminary analysis, 1*117%, was obtained by difference, the 
following special assay was made to determine more exactly the 
amount present. 

Special Away. — 4 J00 gms. of the powdered bark were placed 
with water in a large distillation flask, and distilled in a current 
of steam until no more oil collected, using very efficient con¬ 
densers with ice. The oil was separated, and that remaining 
suspended in the distillate was recovered by petroleum spirit; the 
whole weighed 2*06 gins. Equivalent to 103% of the bark, or 
1*15% of the material dried at 100°. 

A second supply of the hark freshly removed from the tree 
yielded 1 *35% of volatile oil (calculated for the dried material). 

Properties of the Essential Oil .—The oil was pale yellow in 
colour, and possessed the essential odour of the bark. It was 
neutral to litmus, phenolphthalein, and m. orange; heavier than 
water, having a density of 1 033 at 15/15 Q C. The optical rota¬ 
tion in a 1 dm. tube at 15°,[a] D = + 7*4°, and the refractive index 
at 15°,[n] D = 1*5258. 

Hydrochloric acid gas produced a bright purple colour, but no 
crystals formed showing the probable absence of cineol. 

Bromine vapour gave first a red colour, which passed into blue, 
purple, and green; no crystals were formed. 
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Concentrated sulphuric acid also produced a succession of 
bright colours—brown, red, purple, and blue. That this colour 
reaction is given by the exceedingly volatile constituent of the 
oil was shown by placing a small quantity in a watch-glass inside 
a desiccator, over sulphuric acid, when the latter quickly assumed 
a deep purple tiqt. The oil lost more than half its volume when 
kept in a desiccator at room temperature for a few days. 

When cooled for some time with ice and stilt, a stearoptcne 
separated in the form of white crystals. Tt redissolved at about 
10°C., when the oil was removed from the freezing mixture, and 
probably consisted of safrol, the methylene ether of allyl dioxy 
benzene. The quantity was too small for examination. 

Fractional. Distillation, - - The volatile oil distilled over between 
the following limits : — 


Temperature. 

Volume. 

00-100°C. 

4% 

100-200 

10 

200-220 

50 

220-230 

12 

Residue 

18 


The distillate up to 220° was white in colour, the higher fraction 
was pale green. All the fractions possessed the odour and 
pungent taste of clove-oil. At 230 v the oil began to decompose 
and the distillation was stopped. The remaining fluid in the 
still was black, and solidified on cooling. 

The Essential Oil of the Leaven. ~ A sample of fresh leaves, 
weighing 100 gins., was distilled with steam. The bulky aqueous 
distillate was shaken out with ether; and after removal of the 
solvent, the oil was weighed. 

100 gma. fresh leaves, dried at 100°, lost.01 60 gins. 

„ „ contained... 1*72 gtns. oil. 

59*80 gins, moisture. 

The volatile oil amounts to 4*3% calculated on leaves dried at 

100 °. 
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The Essential Oil oj the Fruits .—This was determined in the 
same way, and yielded 2% on the fresh fruits, or 4% on material 
dried at 100°. The crushed fruits emitted a strong odour of 
camphor. 

Comparison of Essential Oii.s from the Hark or four different 



“Sassafras” Tunes. 




Yield. 

i 

s l> 8 r - 

Kef. 

index. 

Kotu. 

Safrol. 

Doryphora . 

AlhtroKpt i j/m(2)_ 

(Jtnnamom. Oliv.(Z). 
Samtfras ojic . 

135% 

1 20 

0 86 

6 to 9 

1-033 at I.V 
1*042 at 14 

I *001 at 16° 
1*088 

1-5258 

1-5274 

+ 7-4° 
f-7* 

4-11 *038 
i 4-3*26 

i ! 

■mall amt. 
■mall amt. 
■mall amt. 
80-90% 


The numerical properties of the oils of Poryphora and Athero- 
sperma are nearly the same, and it will probably la* found that 
their constituents are the same. They differ entirely from the 
American sassafras oil of commerce, which has a much greater 
yield. 

Fluckiger,(4) in 1888, stated that in both Poryphora and 
Atherospernm, the odour was strongly suggestive of safrol. Now 
in Poryphora oil, the stearoptene which crystallises out on 
freezing, and melts at about the same temperature as safrol, most 
probably represents the small amount of this constituent which 
is present. The recent investigation of the oil of Atherosperma 
by Miss 8cott,(6) of Melbourne, shows that safrol is a constituent. 
The American oil, when cooled to 0°, becomes solid by the crys¬ 
tallisation of the very large amount of safrol contained in it(6). 

Hafrol is a constituent of the essential oils in typical members 
of the following Natural Orders— Monitniacene (Doryphora), 
Lauracew (Sassafras, Cinnamomum, HnU.srhmiedia ), Magnoliacese 
(Illinium), A ristolochiaceee (Asarvm); and the chief supply for 
the world's market is made by the firm of Hchimmel and Co., 
from Cinnamomum camphora. 

B. The Aqueous Pistillate. 

The aqueous distillate, after the oil had been removed by ether, 
was found to have an acid reaction, and to contain no volatile 
alkaloid. Part of the solutiou was exactly neutralised with 

V 
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A* 

baryta, evaporated, and heated to constant weight. The barium 
salt was then decomposed by sulphuric acid. 

0*70(>5gm. Ba salt gave 0645gm. BhM() 4 = 53*73% Ba; barium 
acetate requires 53*73% Ba. 

The acid is, therefore, acetic acid alone. A part of the dis¬ 
tillate was titrated with , N „ alkali, and from this, the amount 
of acetic acid in the whole distillate was found. 

Total acetic acid 1*7 gins. -0*01% of the bark. 

» 2*27% of the volatile oil. 

This acid is doubtless formed during the steam-distillation, by 
the partial hydrolysis of acetic esters existing in the original oil. 

C. Tiik Khhjxh. 

After the steam-distillation, the residue in the retort was 
removed while hot, and consisted of aqueous solution and a thick 
oily semi-solid mass. The latter, containing the resins and fixed 
oils, was washed repeatedly with hot acidulated water, and in 
this way the greater part of the alkaloid present was obtained in 
solution. The solid residue was dissolved in alcohol, and poured 
into a large volume of water. The sediment which settled was 
separated and dried. 

Its weight was 350 gms., or 1*9% of the bark. 

D. The Alkaloid. 

The aqueous solution containing the washings from the resins 
was concentrated to about 9 litres This solution was treated 
with lead acetate, and then basic acetate, the precipitates being 
remo\ed and washed. The filtrate, free from lead and hydrogen 
sulphide, was now concentrated to 4 litres, and the alkaloid 
separated by ammonium hydroxide. The voluminous alkaloidal 
precipitate being filtered off, the solution still contained alkaloid, 
which was then recovered by shaking with chloroform, and 
uniting it to the main j recipitate. 

Purifications The crude alkaloid was now dissolved in dilute 
sulphuric acid, and precipitated with mercuric potassium iodide. 
From this, after careful washing, the alkaloid was recovered; it 
\yas then precipitated three successive times with ammonia, and 
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Anally extracted with chloroform. This solution on evaporation 
to dryness left the alkaloid in an amorphous form, and of a 
yellowish-grey colour. 

Attempts were made to obtain the alkaloid in the crystallised 
condition, but none of these were successful. Saturated solutions 
of the alkaloid, in water, methyl, ethyl, and amyl alcohols, other, 
acetone, chloroform, and benzene, were allowed to evaporate 
spontaneously; amorphous residues were in all cases obtained. 
Salts of the alkaloid were next fonned by neutralisation with 
sulphuric, nitric, picric and picrolonic acids; on spontaneous 
evaporation, not one of these was obtained in a crystallised form. 

Properties of the. Alkaloid .—The amorphous powder is highly 
electric; when brushiug it out from one vessel to another, it 
either strongly adheres, or Hies off and scatters. 

The molting point lies between 115° and 117°C. It possesses 
a slightly bitter taste, and the reaction is faintly alkaline to 
litmus. It dissolves readily in alcohol, chloroform, and dilute 
acids; is very slightly soluble in ether, and water; and insoluble 
in petroleum spirit. The solutions are yellow to brown. 

Concentrated sulphuric acid placed on a speck of the alkaloid 
on a white slab produces a pinkish-brown colour. No other 
colour reactions were observed. The alkaloid is precipitated from 
its salt solutions by ammonium hydroxide, sodium hydroxide, 
carbonate, and bicarbonate, picric acid and picrolonic acid, iodine, 
potassium mercuric iodide, tannic, phosphotungstic, and phospho- 
molybdic acids. 

Titration of the Alkaloid .—Of the amorphous powder, 0-9614 
gm. dissolved in hot water, required 28 cc. of ^ sulphuric acid, 
» 0-1372 gm., to neutralise it to litmus. 

0-1372 acid : 0-9614 alkaloid :: 49 : 343. 

The equivalent weight of alkaloid is thus shown to be 343. 

Assay of Bark fw % Alkaloid,—(a) 10 giun. of powdered bark 
were extracted in a soxhlet with alcohol. From the extract the 
solvent was distilled, the residue dissolved in dilute hydrochloric 
acid, water added, and filtered. From the filtrate the alkaloid 
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Was precipitated by 9 cc. of Mayer’s reagent.* This precipitate 
was decomposed with sodium sulphide, and the alkaloid obtained 
as hydrochloride. The solution was made, alkaline with ammonia, 
and shaken out three times with chloroform. The chloroformic 
solution was evapomted in a weighed dish. The weight of 
alkaloid obtained was 0 0536 gin. 

(b) 100 gms. of bark were extracted with hot alcohol as 
before. After removing the spirit, the residue was treated 
with water, and the resins filtered off. The small amount of 
tannin was separated by lead acetate, and the alkaloid ob¬ 
tained by precipitation with ammonia. The alkaloid which 
still remained in solution, was removed by agitating with chlo¬ 
roform, and added to the precipitate. The latter was then 
dissolved in alcohol, excess of standard acid added, and then 
titrated back to the neutral point with alkali, using sensitive 
litmus as indicated. Required 16*3cc. ft acid. 

(c) 10 gms. were treated as before, and the alkaloid obtained 
by agitating the aqueous solution with chloroform. The latter 
was evaporated, and the residue, which weighed 0*149 gm,, was 
titrated. Required 1 *55 cc. ^ acid, 

Result* (6) 16*3 cc. ft sulphuric acid. 
ic) 15'5 

mean 15*9 cc. =0*0786 gm. sulphuric acid. 

49 acid : 343 alkaloid :; 0*0786 : 0*55 
therefore amount of alkaloid in hark... =0 55 by titration. 

0*536 by weighing. 

calculated on air-dried bark, mean. 0*54% 

and calculated on material dried at 100°C. 0*63% 

Alkaloid in the Leaves and Fruit .—Samples of the bark, 
leaves and fruit were examined simultaneously by method 
(tiV After distilling off the alcohol, and extracting with 
acidulated water, they were each titrated under the same con¬ 
ditions, with Mayer’s reagent. The volumes required were 


' Potassium mercuric iodide. 
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respectively—bark 100 cc., leaves 56 cc., fruit 20 cc.; so that 
the approximate amount of alkaloid in the leaves is 0 3%, and 
in the fruit 0*1% (calculated on the dried material). 

Ultimate Analysis of the Alkaloid .—The following data 
were obtained by analysis of the amorphous powder, and 
must, therefore, be considered as provisional only. 

Combustions.— 

0*1808 gm. gave ( 0*455 gm. CO«, C —68 64 per cent. 

10*102 gm.H t O,H- 6*27 
0*1541 gm. gave f 0*8904 gm. CO„, C—69*09 ,, 

\ 0*0886 gm. H„<), H=- 6 89 ,, 

Nitrogen by Dumas’ method. 

0*219 gm. gave 8*2 eo. N gas at 23*1°C. ami 758 lmr. N "-4*20%. 

0*193 gm. gave 7*2 cc. N gas at 2r2°0, and 766 bar. N=-4*27%. 

Nitrogen by Kjeldahl’s method using zinc dust, salicylic acid, 
potassium H sulphate, and sulphuric acid -~ 

0 407 gm. required 12 6cc yV acid. N = 4 33% 

Results- 


Pound 


Required for 


to 

(ii) : 

th*H gl N0 4 

<hoH 91 N0 4 

taoHjiNO, 

C-68*64 

69*09 

| 68*60 

09 70 

70*80 

H - 6 *27 

639 

6*66 

6 42 

6*20 

N- 4*33 

4*27 4*20 

4*44 

4*28 

413 

O- 20*76 

20 25 

20*30 

19 60 

18 90 


C ls in hydroxy codeine, mol. wt. 315. 

C, 0 i» tubocui arine, mol wt .. . 327. 

C v0 ie papaverine and canadine. 339. 

Physiological Action of the Alkaloid ,—A definite weight of 
the amorphous alkaloid was converted into sulphate, and dis¬ 
solved in normal saline. This solution was injected into the 
lymph sacs of frogs (Ifyla aurca and Limvodynastes ), and 
1 mg. doses proved fatal. In 1 to 5 mins, after injection, the 
frogs became sluggish, their activity quickly decreased, so 
that they were soon unable to turn over, when laid on their 
backs. The voluntary muscles, first of the hind limbs, then 
of the fore limbs, were relaxed, and the reflexes disappeared 
entirely. In this general comatose condition, respiration 
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gradually became slower and weaker, till it ceased. In no 
cases were spasmodic reflexes or convulsions observed. 

The effect on the heart was observed by exposing the heart 
of a pithed frog, and applying a 1 '/ solution of the alkaloid 
in normal saline. The beat became slower, and within 8-10 
minutes stopped, with the ventricle in the systolic phase. 

Muscle and nerve preparations were made from both llylae 
and Limnodynastes. The muscle of one preparation and the 
nerve of another were laid in a watch-glass containing the 
solution of alkaloid, and the excitability tested. No altera¬ 
tion in the response was observed when nerve or muscle was 
stimulated by a faradic current. 

Comparison with other allied Plants. 

Of the twenty-two known genera of the Monimiacese, eight 
are represented in Australia ; and of the latter, four— Dory- 
phorn , Daphnandra , Pahnrria , and Piptorafy.r 9 are found 
only in Australia. 

About the year 1860, von Mueller sent a quantity of the 
Victorian sassafras, Atherosperma mowhatum , to Professor 
Wittstein in Germany. It was handed over to the chemist 
Vs cyer, who investigated its composition, and published his 
work in the Jahresbericht for 1861(7). The following com¬ 
parison is made from an abstract in Wittstein’s “Analyse von 
Pflanzen”: — 

The alkaloids of Doryphora and Atherosperwa resemble one 
another in being precipitatod by ammonia as bulky flocculent 
precipitates. When dry they are light, loose, highly electric 
powders, without odour, but possessing a bitter taste. Though 
almost white or pale gray in colour when first precipitated, 
they gradually become brown on exposure to light and air. 
They are nearly insoluble in water, and very faintly in ether, 
highly soluble in alcohol, chloroform, and dilute acids. They 
are neutralised by acids giving varnish-like salts. 

The two alkaloids differ in their melting points, Atherospermim 
m.p. 128°, while the Dwyphora alkaloid m.p. is 115-117°, 
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Zeyer gave his alkaloid the formula C ao H 40 N 4 O i (old German 
C ;t0 H;. 0 NO a ), though lie regarded it as doubtful at the time. 

The provisional formula arrived at for the Doryphora alkaloid 
is Cj s Hj l N0 4 , 

In New Zealand there occurs another genus of the Moni- 
miaceie, Laurelia Nova-Zealandece i whose bark and leaves 
were found by Bancroft(8) to possess “an agreeable aromatic 
bitter taste. ” From this bark, Aston(9) isolated three alka¬ 
loids, one (laureline) having the formula Ci*H*iNO#, and 
in.p. 116*, was amorphous, but formed crystallised salts; an¬ 
other, was also an amorphous powder, from which no crystal¬ 
lised salts could be obtained. The physiological action of the 
chief alkaloid, as described by Professor Malcolm(lO), shows 
first, a stage of increased excitability, quickly followed by 
complete loss of power and death. The second stage closely 
resembles that produced by the alkaloid of Doryphora 

Dipt oral yx Moorei(l\), the “Bitter Vine” of New South 
Wales, owes its intensely bitter taste to a glucoside, which 
was examined by Unmey(12) in London, and no alkaloids were 
detected. 

The only other members of this Order, native to Australia, 
and whose constituents have been examined, are the three 
species of Daphnandra ,— rtpandula, micrantha , and arvmatica , 
Baneroft(l3) has recorded the presence of bitter alkaloids in 
all parts of these plants, and found them to be powerful 
poisons. The physiological action on frogs resembled that of 
the Laurelia } producing convulsive movements, followed by 
paralysis. 

Of the extra-Australian genera, Monimia rotundifolia was 
examined by Rochebrune(14) in 1897. He found in it a 
glucoside, a volatile oil and an alkaloid having properties 
almost identical with those of the constituents of the Chilian 
genus, PeumuB boldus( 15). Tho alkaloid of Veumvs resembles 
that of Doryphora in many of its properties, both chemical 
and physiological, and it, too, could not be obtained iq a 
crystallised form, 
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Therefore, it will be seen by these comparisons, that the 
alkaloid of Doryphora differs from that of t.ho closely related 
genera in the absenco of a first, or tetanic stage. But in all 
cases they are alike in their later stages. Many plants of the 
N.O. Lauracese, on the other hand, were shown by Qreshoff 
(16) to contain laurotetanine, an alkaloid of the convulsive 
group. 

Relation to other Alkaloids. 

(i) A consideration of the properties of the alkaloid from 
Doryphora brings out tho following features, (a) The simi¬ 
larity of its properties to those of its nearest botanical ally— 
the atherospermine of Zeyer. ( h) The molecular formula 
comes nearest to hydroxycodeinc, C ls H a iNO«. This was 
obtained by Knorr, through the oxidation of codeine, and 
discovered by Dobtye and Lauder(17), last year, in the 
mother-liquor of the opium alkaloids, after all the other 
members had been eliminated, (r) The formula lies also vory 
close to C 10 H 01 N0 4 , given by Hoehm( 18) to tubocurare, which is 
a brown amorphous base, bitter and poisonous. (d) It also 
approaches that of Aston’s ltturelme(C,„H..,NO.,), as well as 
(e) members of tho hydrastine group of alkaloids. Of the latter 
group, canadinc(C 80 U*iN 0 4 ), is a hydroberborine, an alkaloid 
found in the Berberidaeeio, llanuneularea*, and Menispernuiceie. 
It resembles lx j rl>erine in the yellow colour of its powder, and 
solutions, as also that of its salts, (f) In the morphine group, 
the formula approaches papaverine(CaoII. il N0 4 ). 

(ii) On the other hand, the properties of the alkaloid diverge 
from the characteristic properties of the above compounds, in 
the following way :— (a) The molecular formula, and melting 
point are far removed from Zeyers figures for atherosper¬ 
mine. (h) It doos not yield the characteristic colour reactions 
of codeine, and hydroxycodeine melts at about 5J° C. (c)]t 
does not show the typical curare action on the receptive sub¬ 
stance of the motor nerve ondings in muscle, when adminis¬ 
tered to frogs. ( d ) Unlike laureline, it does not produce con¬ 
vulsions. («) The physiological action excludes the hydrastine 
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group of alkaloids, for the same reason as in curare. (/)The 
physical properties are different from those of papaverine. 

Summary. 

Doryphora sassafras is a small Monimiaceous tree, endemic in 
Eastern Australia. Its l>ark, loaves, and fruit contain an essen¬ 
tial oil of characteristic sassafras odour. The oil has a density of 
1*033, and distils l>etween 60° and 230^0. The bark contains 
1*35%, leaves 4*3%, and fruit 4% (% on material dried at 100°). 
The essential oil is compared with that from the Victorian 
sassafras, Atheros'perma moschatum , the Queensland sassafras, 
Cinnumomum Oliveri , and the Sassafras officinale of N. America. 

Other constituents of the bark are fixed oil 0*63%, aromatic 
resins 1*3%, tannins 1*3%, sugars 1*7%, calcium oxalate 1*37%, 
and an alkaloid 0*63% (% on bark dried at 100*). 

The alkaloid is an amorphous grey powder. All attempts to 
obtain it, or its salts, in a crystalline form, were unsuccessful. 
The alkaloid is highly electric, m.p. 115-117**0., with a bitter 
taste and alkaline reaction; readily soluble in alcohol, chloroform, 
and dil. acids, very slightly in ether and water, insoluble in 
petroleum spirit. The solutions are yellow. Composition: 
C - H—6*27%, N—4*33%, 0 -20*76%, corresponding 

closely to ( 8 H a l N0 4 . The amount of alkaloid in the bark is 
0*63%, in the leaves 0*3%, and in the fruit 0*1 %(/ on material 
dried at 100°). 

The physiological action on the frog shows loss of power of 
movement, and of response to touch, paralysis and death. 
The min. lethal dose for Uyla aurea , a 13 gm. frog, is 1 mgm. 
No convulsions are produced, and the alkaloid has no action 
on nerve, receptive substance, or muscle. 

The. biochemical relationships of Doryphora are compared 
with other members of the same natural order. The alkaloid 
is compared with the active principles of allied plants, and 
also with alkaloids of approximately the same composition. 
After discussing the points of resemblance and difference in 
their properties, it is concluded that the alkaloid is a new 
one, and the name proposed for it is “Doryphorin?.” 
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Bentham and Hooker separate the Monimi&cex and Laura- 
ce« with the monochlamydeous plants, but in Engler’s classi¬ 
fication we find the natural orders grouped elosoly together, 
which contain all the alkaloids mentioned above, except cur¬ 
are. From this comparison it is shown that the bark of Dory - 
phora sassafras contains a new alkaloid, hitherto unrecorded, 
for which the name “Doryphorine” is proposed. 

I wish, in conclusion, to express my indebtedness to Profes¬ 
sor Anderson Stuart and Dr. Chapman, for affording every 
convenience to the carrying out of this investigation. 
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Postscript: addad July Mrd, 1912. The following observa¬ 
tions, referring to the action of alkaloids on Australian frogs, 
were offered by Mr. E. C. Grey, 13.Sc., Junior Demonstrator in 
Physiology, after the paper was read—With reference to Dr. 
Petrie’s communication on the Chemistry of Doryphora, it was of 
importance to l>ear in mind that the behaviour of Australian 
frogs towards alkaloids had not yet been properly ascertained. 
Moreover the same alkaloid sometimes affected different frogs in 
different ways. He had observed the effect of Brucine on some 
Australian frogs, and had found that the strongly muscular 
Liinuodynastes showed convulsions, whereas none were produced 
in any of the Hylas examined. 
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HYDROCYANIC ACID IN PLANTS. 

Part i.—TTS DISTRIBUTION IN THE AUSTRALIAN 

FLORA. 

Bv James M. Petrie, D.Sc., F.I.C., Linnkan Maclkay Fkm.ow 
of the Society in Biochemistry. 


(From the Physiological Laboratory of the University of 
Sydney.) 
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It is now more than a century since Boehm, the Berlin 
apothecary, obtained hydrocyanic acid by distilling the water 
in which bitter almonds had been steeped. This was the first 
discovery of the formation of hydrocyanic acid by plants. 
Since that time this acid had been detected in a number of 
well-characterised plants, such as the cherry-laurel, rubber- 
tree, and cassava, but up to the end of last century the list of 
such plants was very small. At this period, theoretical specu¬ 
lations on the role of hydrocyanic acid in metabolism created 
a new and wider interest in the subject, and rosulted in the 
initiation of two separate lines of research: — (1) The bio¬ 
chemical probloms connected with the origin and fate of hydro¬ 
cyanic acid in plants, and (2) the detection of this substance, 
in order to determine its occurrence and distribution through¬ 
out the vegetable kingdom. 

The first systematic examination for hydrocyanic acid in 
plants was begun by Greshoff, in the Botanic Gardens of 
Buitenzorg, and later, at Kow. He published, in 1906, a 
complete list of all the known cyanogenetic plants, and a fur¬ 
ther supplement, prior to his death, in 1909. 

In this list are included only four plants native to Aus¬ 
tralia. The present investigation may therefore be considered 
as a continuation of similar work on the indigenous flora of 
Australia. The majority of the plants have been collected by 
me personally, in the bush. A number were obtained from 
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plants growing in the Botanic Gardens, through the kindness 
of the Director, Mr. «T. Ii. Maiden, to whom my thanks are 
due. 

Methods Used. 

i. Parts of plants were cut up and steeped in water at 40° 
C. for 24 hours. 

(a) Alone. 

(b) With addition of emulsin prepared from sweet al¬ 
monds, or an aqueous extract of the enmlsin. 

(r) With addition of 1 cc. of a 0 5 per cent, solution of 
amygdalin, prepared by extraction from bitter almondB, and 
recrystallisation. 

ii. Parts of plants were plasmnlysed by the vapour of chlo¬ 
roform. Guignard, and Mirande have shown that the vapour 
penetrates the living colls, and incites the retraction of the 
protoplasm, with the result that the cells arc finally killed. 
There then takes place, an increased outward diffusion from 
the interior of the tissues, of water containing the different 
substances previously localised in the living plant : that is, a 
diffusion of the glucoside and enzyme from their respective 
cells. These substances are then free to react chemically, and 
since the products are volatile, they can be recognised in the 
vapour. 

iii. The method of identification of the vapour of hydrocy¬ 
anic acid is the colour change of sodium picrate paper from 
yellow to red. This tost was first used by Professor Guignard, 
who ascribed the change to a reduction of the picrate to isopur- 
purate by the hydrocyanic acid. 

In the following table the plants are arranged in the order 
of the botanical classification in the Flora Australiensis, and 
the results are entered in three columns as positive and 
negative. 

Col. i.—Plant tested alone with water, or chloroform: + 
here indicates the existence of both a cyanogenetic glucoside, 
and an emulsin-like ferment. 
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, Col. ii.—Plant with emulsin added : + here alone % indi¬ 
cates presence of glucoside and no ferment in the plant. 

Col. iii.—Plant with amygdalin added : + here alone , 

shows the existence in the plant of a ferment capable of cleav¬ 
ing amygdalin. 

i. ii. iii. 


Ranunculacb^e. 


Alone Km. Am. 


Clematis aristata 

glycinoides . 
microphylla 


Dilleniacbas. 

llihhertia diffusa (Bot. Gards.) 
volukifis . 


MAGNOLTACEiE. 


Drimys dt pet ala . + 

aromatica (Greshoff, 1909) . + 

BlXINEwE. 

Scolopin Brotrnii (Bot. Gards.). - 

PlTTOSPOREJB. 

Pitlospomm revolntum . _ 

undulatum . - 

phillyrieoidcs . — 

Hymenosporum flavurn (Bot. Gards.) . - 

Bursaria spinosa . 

Citriobatus multiflorus . - 

Solly a hetcrophylla (Bot. Gards.) . — 

PoLYGALEiE. 

Polygala Sibirica . — 

Comosperma volulile . — 

ericinum . — 
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MALVACEiK. 

liowittia trilocularis . 


1 . n. m. 
Alone Km. Am. 


Sterculiace.e. 

Sterculin quadrifida (Bot. Gards.) 

diverstfolia . 

rupestrU . 

Tarriftia argyrodtndron . 

Lasiopetalum ferrugincum . 

TILLIACK2E. 

Echmonarpus australis (Bot. Garcia.) . 

Ehiocarpus ryaneus . 

Linaceac. 

Linum mar y inale . 

GkUAN 1ACE.E. 

Oxalis corniculata . 

Rutace.i:. 


Zitna Itcvigata . 4. 

pllosa . — 

Smith ti . + 


Huron in InlifoHa . 

pin naiti . 

Barktnana . 

Crowea salt gun . 

Eriostemon bu.vtfoHus . 

lanceolat us . 

Phebalinm denial tint . 

Sfjuamulosuni (Bot. Gards.) 

Evodia tnicrocncca . 

(jeijera parvi flora (Bot. Gards.) .. 
Ilalfordia druptftra (Bot. Gards.).. 
Vitrus australis (Bot. Gards.) . 
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Olax stricta 


Olacine m. 


i. ii. 

Alone Em. Am. 


Rhamnacea:. 

Pomaderris la nig era . 

elliptica . 

phillyreoides . 

cincrea . 

Cryptandra arnara . . 

VINIFERAS. 

Vitis hypoglauca . 


Sapindacbaj. 

Diploglottis Cunninyhamii . 

Cupania semiylaucu (Bot. Gards.) 

anacardioides . 

tomcntelfa . 

Nepkdium feiocarputn . 

Dodanmi triquetra . 

viscosa (Bot. Gards.) . 

Leg um i nos a.. 

Oxylobium trilob alum . 

Mirbelia yrandiflora .. ... . 

Gompholobium latifolium . 

minus . 

Jacksonia sp. 

Davie sia corymb os a . 

brevifolia (Bot. Gards.). 

Phyllota phylicoides . 

Pultemea daphnoides . 

stipularis . 

polifoUa . 

elliptica .. ... . 
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i. ii. iii. 

Alom Em. Am. 

Pultenaa Deanei . _ 

Dilluynia flonbunda . _ 

Plntylobiam formosum . _ _ 

Bo$sia>a heterophylfa . _ 

scolopm drift . _ 

Lotus corniculatus (Bot. Garda.). + 

australis (Dunstan and Henry, 1900) + 

Indig*fern australis . - 

Swainsona coronillifolia (Bot. Gards.) . - 

Cadtlli (Bot. Gards.). — 

Acacia junipcrina . - _ 

oxycedrus . - 

suaveolens . -. .. _ 

lini folia . - 

long i folia . _ 

floribunda . - 

data . _ 

discolor . _ _ - 

dccurrcns . - 


Rosaces. 


Rub us jtarvifolius . 
molucca nus .... 
rostrfolius .... 
Agrimonia nipatoria 
snnguisorhfv ... 

Saxifrages. 


Quintinia Siebari . - 

Gallicomn scrratifolia . - 

Ceratopetalnm yummiferum . - 

a petal urn . — 

Davidsouxa pntriats (Bot. Gards.) . + 

liauera rubioidcs . - 
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Crassulaoeje. 

Tdlata verticillaris . 

Drossbacea. 

Drosera spathulata . 

peltata . 

binata (Greshoff, 1909). 

HaLORAGE/E. 

Haloragis salsoloides . 

MyRTACE45. 

Daru inia fascicularis . 

taxifolia . 

Bttckea diffusa . 

crenulata . 

hnifolia . 

Leptospcrihum flavcsccns . 

scoparium .. 

arachnoideum . 

Kunzea capitata . 

Vallistemon lanceoUitus . 

linearis . 

Melaleuca thy mi folia . 

linariifolia . 

Angophora c or difolia . 

lanceolata . 

Eucalyptus spp. 

Tristania neriifolia . 

Rhodomyrtus psidiodes (Bot. Cards.) . 

Eugenia Smithii . 

Luehmunni (Bot. Gards.).. . 

Passiflore*. 

Passiflora Herbertiana . 

cinnabarina . 

brachystephanea . 


i. ii. iii. 
Alone Em Am. 


+ + + 

+ + + 

+ 


+ + + 

+ + + 

+ + + 
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UlfBELLlFERA:. 
Sicbera lincarifolia 
Bitlardieri ... 

A ctinotus helianthi 
minor . 


i. ii. iii 

Alone Km. Am 


Araliacea:. 

Astrotrica longifolia. 

Pana.t Murrat/i ... 

LORANTHACEiE. 

Loranthus cdastroides . 

Caprifoliacea;. 

Sambucus xanthocnrpa (Bot. Garda.) ... 
Gaudickaadiana (Bot. Gards.) ... 

Rubiaceas. 

Pomax umMlata . 

Composite. 

Of car in ramulosa . 

Bidcns tripartitns . 

Cassinia aculeata . 

Humea cl cyans . 

IIclickrt/surn datum . 

diosmifolium . 

Semcio Australis . 


Stylidka;. 

Stylidium gram ini folium . — 

Goodeniacea;. 

Goodenia hclcrophylla . — 

Scccvola hispida . — 

suavcolcns . - 

Dampicra Brownii . 4. 
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Campanulackjb. 

Lobelia gracilis . 

Epacridm:. 

Styphclia longifolia . 

triflora . 

tubiflora . 

Trochoearpa pumila . 

Lusanthc strigosa . 

Lencopogon amplcxicaulis ... 

lane cola t us . 

microphyllus . 

virgatus . 

erieoides . 

csguamatm . 

Epacris longiflora . 

obtusifolia . 

puhhella . 

purpurascens . 

Woolhia puny cue . 

Sprenyelia incarnata . 

Dracophyllum secundum . 

JaSiMINE.E. 

Nofelaa longifolia . 

ApOCYNEjE. 

Ahtoniu constricta (Bot. Gards.). 

Asclepiadacea:. 

Sarcostemma australe . 

Mnrsdenia suavolem . 

lloya earnosa (Bot. Cards.) ... . 

LooaniacExE. 

M i t rasacme poly morph a . 

Logania floribunda . 


i. ii. iii 

Alone Em. Am 






















BY JAMES M. PETRIE. 


229 


SoLANACEiE. 

Solatium nigrum . 

vescum .. .*. 

stelligerum . 

armatum . 

campanula turn . 

Xicotiana suaveolens . 

Duboisia myoporoides . 

BigNONIACEjE. 
Ttcoma australis . 


i. ii. iii. 
Alone Km. Am. 


MYOPORINEiG. 

ilyopornni acuminatum (Bot. Gards.). - - f. 

Ercmophihi maculata (Briinnich & Smith, 1910) + + + 

Verbenace.e. 

Chloanthes stocchadis . - 

Labiate. 

Mentha australis (Bot. Gards.) . - 

Prostanthera Steberi . - 


ChENOPODIACEjK. 
Kochxa pyramided a ... . 

Nyctacine^;. 

Bocrhaavia diffusa . 

Monimiaceje. 

Doryphora sassafras . 

Atherosperma moschaf um 


LAURACEiE. 

Cryptocarya triplinervis 

Litsea dealbata . 

Cassytha glabella . 

paniculata . 
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Protbaceas. 


i. ii. iii. 

Alona Em. Am. 


Petrophila pulchella . - 

Uopogon anethifoltus . - 

cerntophyllus . - 

Conospertnutn angustifolium . - 

Symphyanenui montanum . - 

Buckinghamia celstssima (Bot. Gards.). - 

Persoonia ferruginea . - 

salictna . - 

pint folia . - 

Macadamia integri folia (Bot. Gards.) ... + 

term folia (Greshoff, 1909) (Bot. Gards.) + 

Xylomelum pyri forme . 

Lambert'ui forworn . 

Grevillea acanthi folia . 

buxifolia . 

sphacelata . 

punicea 
ole aides 

sericea . 

linearis . 

Hakea pugtomformis .. 

salty na . 

yibbosa . 

aeicularis . 

dactyloides .. 

elliptira (Bot. Gards.) , 
trifurcata (Bot. Gards.) 

Tela pea speciosissima . 

Lomatiti Iongifolia . 

silai folia . 

Stenocarpus sinuafus . 

salignns . 

Banksia ericifolia . 

spinulosa .... 



+ * 
+ + 


+ 


+ 
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i. ii. iii. 

Alone Km. Am. 

Banksia marginata . - 

in tegrifolia . - 

latifolia . 

serrata . - - 


EuphorbiacejE. 

Amptrea sport ionics . 

Phyllanthus sp. 

Breynia oblongifolia . 

Croton phebalioidcs (Bot. Garda J . 

Carumbium populifolium . 

URTICACEiE. 

Ficus rubiyinosa . 

macrophylla . 

Lnportea m or aides . 

CASUARINEiE. 

Cnsunrino suherosa . 

Santalace-e. 

Chorctrum fateriflorum .... 

Leptomeria acida . 

Omphacomeria accrba . 

Exocorpus cuprcssiformis ... . 

CONIFERiE. 

Callitris sp. 

Cycadeas. 

Macrozamia spiralis . 

flexuosa 

ORCHIDEiE. 

Vend rob ium speciomm . 

Cymbidium suave . 

Olossodia major . 

minor . 
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Iridka. 

Patcrsonia scricca . 

Amaryllidejs. 

Doryanlhrs cxceha . 

Crinum flaccid urn (Bot. Gards.) 

LlMACEiE. 

S mil ax ylycyphylla . 

Flaycllaria indica . 

Dxanella rcrolnta (Bot. G&rds.) 

Eustrephu* Bronmii . 

Stypandra glaucu . 


i. ii. iii. 
Atone Km. Am. 


- +> 


+ 


J UNCACEA2. 

Xerotcs longifolia . 

Xanthorrhtra australis 
J uncus vaginal us . 


AROIDEiE. 

Colocasia maci'orrhiza (Bot. Garda.) 
antiquorum (Bot. Gard9.)... , 

Restiacea:. 

Leptocarpus ten ax . 

Cyperace<e. 

Hcliocharis . 

Lepidosperma concavum . 

Caustis pentandra . 

flexuosa .. 

Lycopodiacea:. 

Lycopodium densum . 

Selaginella uliyinosu . 
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Filices. 

Schtura rupestris .. . 

Gleichenia circinuta . 

dicarpa . 

flabellata . 

Todea barbnra . 

77 ymenophyllum Tunbridyens 

Ahophila australis . 

Dicksonia antarctica . 

JAnd say a linearis . 

microphylla . 

Pteris aquilina . 

Lomaria discolor . 

Blech num car tilay innun . 

serrulntinn . 

Asplenium Jlabellifolium . 

Notholecna distans . 


i. ii. iii. 
Alone Km. Am. 


+ + + 


+ + + 

+ + + 


+ + + 


NATURALISED PLANTS. 
Linaceje. 

lAnurn (jallicum . 

Leguminosa:. 

Melilotus parviflorus . 

Composite. 

Xanthium strumanum . 

SoLANACEvfl. 

Sclandra laevis . 

V EliBENKNAGK.E. 

Lantana Camara . 

Euphorbtace^. 

Euphorbia peplus . 

Hicinus communit .V. 
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i. ii. iii. 

Alone Em. Am. 

CULTIVATED EXOTIC PLANT'S. 


Lxguminobje. 

Lotut edulii . 4- + 4- 

Liliacm. 

Anthericum ehgantxnimum . 4 * 4- 4. 

PaSSIFLORKwE. 

Paasiflora vesperdlio . + 4 - 4 - 

amnbilis . 4- 4- 4. 

filamenlom . 4. 4. 4. 

lutea . 4- 4. 4. 

suberoM . 4- 4. 4. 


SUMMARY. 

The above list contains the names of about 300 native 
plants, representing sixty-five Natural Orders. Twenty-nine 
plants gave positive results, in which hydrocyanic acid was 
liberated by the natural ferment in the plant. Seven exotic 
plants are also recorded for the first time, as containing cya* 
nogenetic glucosides. 

The N.O. Graminese has been reserved for a separate paper. 










[From the Proceedinga of the Linnean Society oj New South Wale*, 
1913 , Vol, xxxviiiPart ^ October 29th,] 


, HYDROCYANIC ACID IN PLANTS 

Pt 

Part ii* Its Occurrence in the Grasses of New South Wales. 

By James M. Petrie, D.Sc., F.I.C., Linnean Maclkay Fellow 
of the Society in Biochemistry. 

(From (he Physiological Laboratory of the University of Sydney,) 
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The systematic examination of Grasses for cyanogen compounds 
was the direct outcome of tests made to ascertain the cause of the 
sudden fatalities among stock, which took place in this State 
about two years ago. The sheep apparently had eaten nothing 
besides grass, and this grass when tested was found to contain a 
cyanogenetic glucoside and the corresponding enzyme. 

It was conceived, that at least some of the frequent deaths from 
unknown causes, and which are often attributed to supposed 
poisonous plants, might possibly be due to such grasses. 

Reference to the literature on this subject shows that hydro¬ 
cyanic acid in grasses, was first discovered by Jorissen, in 1884, in 
Poa aquatica Linn., and this was followed by its detection in the 
sorghums, in 1902 (Dunstan and Henry). Up to the present, all 
the cyanophorie grasses recorded are included in about 14 genera, 
and are given in Table i. 

Some of these exotic grasses have been naturalised in this coun¬ 
try, and among them Brisa minor, Lamarckia aurea, and Poa pra- 
tensis, are recorded by Couperot, as yielding hydrocyanic acid, 
when tested by him. (Journ. Pharm. Chim., 1908, 28,542). 

These three grasses growing in this State, have been examined 
at various seasons, and have never given positive results, neither 
did they contain any trace of an ensyme capable of decomposing 
amygdalin. 
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With regard to this peculiarity, we may compare the results of 
the Armstrongs and Horton (Proe. Roy. Soc. Lond., B.86, 1913, 
265), with Lotus corniculatus growing in different countries. In 
apparently identical plants, they found that most contained both 
a cyanophoric glucoside and enzyme, but that in certain countries, 
the plants were acyanophoric. Of the latter, some were rich in 
enzyme, others contained only a trace. They state in explanation, 
that the presence of the two correlated factors mentioned is not 
sufficient, and that a third factor is necessary, probably one influen¬ 
cing concentration. It would appear then, that the conditions of 
concentration are unsuitable in some instances, such as in our three 
grasses. 


Table i. 

CyANOGBNKTIC GRA88K8 PREVIOUSLY KNOWN. 

Bambusa arundinacea Roxb., 1911,* cultivated in N.S.W. 

Brisa minor Linn., 1908, naturalised in N.S.W. 

Catabrosia aqualica Beauv., 1908. 

Cortadsria argentea Stapf, 1900, cultivated in N.S.W. C. con - 
spicua, 0 . kermesiana, 1906. 

Elymus spp. 

Fsstuca poa Kunth, 1908. 

Holcus lanatus Linn., 1908, naturalised. 

Lamarckia aurea Mcench., 1908, naturalised. 

Melica altissima, M. ciliata , Jf. nutans , M. uniflora . 

Panicum maximum, P . muticum, 1903, introduced, P. junceum . 
Poa aquatica Linn., 1884; P. pratensis Linn., 1908, naturalised. 
Sorghum vulgare Pers., 1902, introduced; S . halepense Pers., 
native; S. saccharatum, S . tartaricum, 1903, introduced; S. nigrum . 

Stipa capillata, S . gigantea, S> hystricina, S. leptostachya, S 
Lessingiana , S. tortilis, 1906. 

Zsa Mays, 1903, naturalised. 

We have now to add to the above list of cyanogenetic grasses tbe 
names'of 17 more species, which are found in New South Wales, 

* The dates refer to record of hydrocyanio acid. 
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and which are here recorded for the first time as containing a 
oyanogenetic gluooside and the correlated enzyme. 

Table ii. 

Cyanogbnstig 0basses of New South Walks. 

Andropogon gryllus Linn., N.S.Wales native grass. 
hdkpensis Sibth., var. mutica, N.S.W. native. 
sorghum (L) Brot,, vars., introduced. 
intermedins R.Br., N.S.W. native. 
ischeemum Linn., introduced from N. America. 
micranthus Kunth, N.S.W. native (scented grass). 

Anisopogon avenaceus R.Br., N.S.W. native. 

Bouteloua oligostachya Torr., introduced from Mexico. 

Chlorit petrcea Sw. y introduced. 

polydactyla Sw., introduced from S. Amer. 
truncata R.Br., N.S.W. native (star grass). 
ventricosa R.Br., N.S.W. native (blue star grass). 

Cortaderia argeniea Stapf, vars, gigantea, rosea, variegata, 
S. Amer. Pampas grass, cultivated in N.S.W. 

Cyndon incomplete NeeB (Stapf), a “blue couch” grass of 8 
Af., perhaps indig. in N.S.W. 

Danthonia semiannutaris R.Br., N.S.W. native (wallaby grass) 
racemosa R.Br., N.S.W. native (racemed oat-grass). 

Diplachne dubia Scribn., Mexican grass, cultivated Bathurst, 
Hawkesbury. 

Eleusine cetgypHaca Pers., N.S.W. native( Egyptian finger grass). 
indica Gtertn., N.S.W. native (crab grass). 

Leptochloa decipiens R.Br. (Stapf), introduced, interior and 
coast. 


Notes oh the Orasses in Table ii. 

These twenty species were examined at various seasons, and 
tested for the presence of cyanogenetic gluooside and enzyme 
The results of the various tests are summarised below 
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Methods .—Gyanogenetic compounds were shown to be present in 
all the species, by plasmolysis of the tissues with vapour of chloro¬ 
form* (1)Those classified as “very strong” changed colour 
within one minute, and yielded, in one case, over 0 016% total 
hydrocyanio acid. (2)Those marked as “strong” gave the 
colour change within one hour. (3) Those which required to 
stand 24 hours before any visible change occurred, are described 

as “faint.” 

« 

General Results. —When portions of these grasses are placed in 
stoppered bottles, with the test paper, but without any reagents, 
and kept at 37° C. for 24 hours, two species only were found to 
evolve free hydrocyanic acid, these were Cynodon incomplete , 
and Diplachne dubia . The others only gave a positive result 
after anaesthetising. 

Immersing about 10 gm. portions in boiling water does not 
immediately kill the enzyme; even with 2 minutes’ immersion, the 
grass subsequently liberates hydrocyanic acid when placed in 
chloroform vapour, but when kept immersed for 2-5 minutes the 
enzyme is completely destroyed. All the species, when thus treated 
for 5 minutes, and found to evolve no hydrocyanic acid with 
chloroform vapour during 48 hours, were then mixed with emulsin, 
and quickly showed the colour change due to hydrocyanic acid 
evolution. The compounds were thus shown to be glucosides. 

Detailed Results of the Individual Grasses . 

Andropogon halepensis .—This grass, which is regarded by 
Haekel as the original wild species from which the sorghums have 
sprung, is of very wide distribution, and is now considered indi¬ 
genous. The reaction of the cyanogenetic glucoside was found to be 
maximum in January and August, t.e., in the Midsummer growth 
and the second growth due to the late winter rains. At other times 
throughout the year, including the flowering period, the grass gave 
only a “faint” positive reaction. 

January ... 4* strong. August ... *f strong. 

April ... + faint. November ... + faint. 
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No free hydrocyanic add was evolved from the grass on keeping 
in a dosed bottle for three days. 

Andropogon australis has not shown the least trace of hydro¬ 
cyanic acid at any time of the year. 

These two grasses are the only two indigenous sorghums, syn. 
respectively with Sorghum halepense Pers., and 5. plumosum 
Beauv. 

Andropogon sorghum, vars. vulgaris, saccharatus. —Grown in 
experimental plots these grasses were tested in each month, and 
gave positive reactions from January to December. There was no 
period in which healthy growing plants were free. In only one 
plot growth was arrested, and the plants killed, by cold weather 
in June, and within a few days the tests varied from "strong’’ to 
"faint” and nil, the height being 14 inches. Dunstan and Henry 
found the Egyptian sorghum to lose its glucoside entirely when 
14 inches high, while, on the other hand, the sorghum grown here, 
on the Richmond River, and also that grown in Queensland, 
showed the presence of glucoside when over 4 feet high. 

The glucoside was present in the inflorescence, leaves, stems, and 
roots. The top leaves were always strongest, and especially the 
young uncoiled apex-leaves; the reaction diminished with the posi¬ 
tion of the leaves down the stem, and frequently the lowest leaves 
gave none. The stems, too, showed a gradual diminution 
downwards, though frequently they gave uniform reactions. In 
the roots the strongest reaction was often obtained from the 
extreme tips. 

The leaves also showed a remarkable variation in enzyme, 
as the following summary of the results, obtained from tests on the 
leaves of mature plants, will show:— 

i. Leaves anmsthetised, showed strong positive reaction, 

emulsin added—no evident change produced. 

ii. Leaves anasthetised, showed faint positive reaction, 

emulsin added—no evident change produced. 

iii. Leaves ansethetised, showed faint positive reaction, 

emulsin added—very strong positive reaction. 
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iv. Leaves anaesthetised, gave negative result, 

emulsin added—very strong positive reaction. 

v. Leaves ameathetised, showed negative result, 

emulsin added—negative result, 
amygdalin added—strong positive result. 

In i. and ii. class of results we have apparently an abund¬ 
ance of enzyme, in iii. a deficiency, and in iv. entire absence. In 
iv., certain leaves, chiefly the lowest on the stems, contained gluco- 
side alone, the accompanying enzyme having entirely disappeared. 
In v., certain leaves are shown to contain enzyme only, without 
glucoside. 

The mature plants when cut, and exposed to the air to dry, 
undergo very little change, with regard to glucoside or enzyme, 
during the first week. After this, the glucoside is gradually hydro¬ 
lysed ; but while this action is proceeding, the enzyme, too, appears 
to be slowly destroyed, and so it happens that sometimes it is the 
glucoside, at other times the enzyme, which first disappears. 

Andropogon gryttue .--This indigenous grass never shows more 
than a trace of glucoside, and that only in the winter; during the 
hot summer weather it contains none. In autumn, the flowers and 
also the isolated seeds gave positive reactions. 

January - (young and green). August ... 4 faint. 

April 4* faint. November ... 4 very faint. 

Andropogon intermedins and A. ischamum are two native 
grasses, which are closely related, and in the summer months give 
strong reactions for a cyanogenetic glucoside. 


inlermed . iechasm. 

January. 4 strong . 4 strong. 

April . 4 faint . 4 faint 

August. 4 faint . 4 faint. 

November ... 4 strong . 4 faint. 


Andropogon mcranthu*.—kt no period was more than a trace 
of hydrocyanic acid detected, even throughout the flowering season, 
and during the winter months the grass was entirely free. 

January ... 4 faint. August ... — 

April. 4 faint November ... 4 faint. 
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Bouteloua oligostachya .—This Mexican prairie grass is Rowing 
in the neighbourhood of Tenterfield, and specimens from there 
growing in the Botanic Gardens, were found, at certain seasons, to 
react strongly for glucoside. Iu the autumn it entirely dis¬ 
appeared, to return again faintly in the rainy season, and 
gradually to increase in the Spring, to a maximum at Mid¬ 
summer. 

January ... + very strong. August ... + faint. _ 

April ... - November ... + strong. 

Chloric. —Four specimens of this grass are cyanopboric; of these 
two are native to N.S.Wales, viz., C. truncata and C. ventricosa, 
and are widely distributed over the Eastern States. 

The exotic species, from which positive results were obtained, 
are C. petrosa and C. polydactyla, and are cultivated in the 
Botanic Gardens. 



January. 

April. 

August. 

November. 

0 . truncata ... 

+ strong 

4- faint 

«a» 


C, vtnLricona .. 

4- strong 

- 

4-faint 

+ faint 

0. pclrma 

+ faint 

. 

4-faint 

4* very strong 

0. polydaetyla.. 

4* very strong 

4- very strong 

4- very strong 

4* very strong 


Samples of the native species were collected by Mr. Breakwell in 
Narrabri, Wagga, and Coonamble districts, from September to 
December, and these all gave, during this season, negative results. 

Cortaderia argentea .—The three varieties, gigantea, rosea, varie- 
gata, growing in the Botanic Gardens, were tested, and also a 
number of speeimens growing elsewhere in Sydney. All gave 
"strong” reactions in all seasons. 

Cynodon incomplete .—This blue couch-grass is recorded only 
from E. and S. Africa, and in New South Wales from the Upper 
Hunter River and Forbee. It is still doubtful whether it has been 
introduced from 8. Africa or is indigenous to Australia (Maiden, 
Agric. Gaz. N.S.Wak*, 1912,296). 

Hydrocyanic acid was first detected in this grass in November, 
1911, in a patch cultivated in the Botanic Gardens, and which had 
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been brought by Mr. Maiden from Aberdeen in 1907, from a spot 
on which cattle had died in November of that year. The «<■■'«. of 
the fatality was associated with this grass. Samples were also 
obtained,' through the Chief Inspector of Stock, from Scone and 
Muswellbrook, and these all gave strong positive reaction at this 
same season. A second fatality took place at Forbes, where over 
100 sheep died on December 9th, 1911. This grass was recognised 
on the spot, and when tested gave a very strong reaction. A third 
fatality occurred in the same district in February, 1913; after 
which some sheep were isolated and fed on this grass alone, when 
each of them died within half an hour. A sample of this «uwn« lot 
was received for analysis, from the Inspector of Stoek at Forbes, 
and gave the following result:— 


Id fresh material. In 

100°C. 

Free hydrocyanic acid. 0 006 % 0*008 % 

Combined hydrocyanic acid 0*010 % 0*017 % 

Total hydrocyanic aoid . 0 016% 0 086% 

The free acid was estimated by destroying the enzyme with boil¬ 
ing water, and distilling into standard alkali. The distillate was 
then titrated with silver nitrate. 

The total acid was estimated by previous fermentation of the 
grass, and then distilling off the volatile acid. 

It was calculated from the free acid figure that a sheep of 150 
lbs. weight would require, for a lethal dose, to eat about 2 lbs. 
weight of this grass. 

Effect of drying on cut grassy Grass which gave a very strong 
reaction for hydrocyanic acid, when exposed openly to the air, 
showed a gradual diminution of the intensity of reaction during 
three weeks. At the end of this time the grass reacted only very 
faintly, and usually in the fourth week gave negative tests. When 
now, this grass was moistened, and emulsin added, it still gave 
negative results, but on adding amygdalin instead, a strong positive 
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result followed. The glueoside alone had disappeared, the enxyme 
was still active. 

A similar result was also obtained with grass which had been 
air-dried for over three months. 


Seasonal variations of C . incomplete i:— 


June 

faint. 

December . 

.. very strong. 

July 

faint. 

January . 

.. very strong. 

August 

very faint. 

February . 

.. very strong. 

September... 

faint, increasing. 

March 

.. strong. 

October 

strong. 

April 

.. decreasing, faint.. 

November ... 

very strong. 

May 

.. faint. 


The author desires to express his indebtedness, and thanks to the 
following gentlemen, for supplies of this grass, at the various sea¬ 
sons:—Chief Inspector Symons, of the Stock Department; Stock 
Inspectors C. Brooks, of Scone, and W. D. Dowling, of Forbes; 
Police Inspector Nolan, of Forbes; Mr. J. H. Maiden, F.L.S. 

Other Couch-grasses.—Cynodon dactylon Pars., the common 
couch grass of lawns was tested from various parts of the State. 

Digitaria didactyla Willd., the Sydney blue couch, is found in 
certain isolated patches only, such as Hunter’s Hill, Vaucluse, and 
Botanic Dardens. These two grasses have always given negative 
results for hydrocyanic acid, but in a number of instances they 
showed the presence of an active enxyme capable of hydrolysing 
amygdalin. 

Danthonia semiannularis is generally considered one of the most 
valuable and nutritious of the native grasses. It gives a faint 
reaction for cyanogenetic compounds, but towards the end of sum¬ 
mer it is parched and dry, and is then quite free, till the autumn 
rains renew the growth. 

January ... + faint. August ... + faint. 

April ... - November ... + faint. 

Samples of this grass were collected by Mr. Breakwell from 
Narrabri, Wagga, Moree, etc., at the various seasons, and all gave 
similar results, when tested. 

Diplachne dubia , a Mexican grass, cultivated in the Botanic Dar¬ 
dens. This is one of the strongest cyanogenetic grasses tested. It 
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evolves free hydrocyanic acid continually, and if placed in a stop 
pared bottle with the test paper, shows an intense reaction in ; 
few minutes. The glucoside, enzyme, and free acid, are presen 
in all parts, and throughout the whole year. 

January ... + very strong. August + very strong. 

April ... + very strong. November ... + very strong. 


Eleueine cegyptiaca and E. indica. —Theso two native grasses 
are widely distributed, the former in the interior of New South 
Wales, and the latter in the coastal districts. They are very rich in 
cyanogenetic glucosides, all parts of the plants giving strong 
reactions, except in the winter. 


January ... 
April 
August 
November 


cegypt . indica . 

■f + strong. 

+ + strong. 

+ -f strong. 


Leptochloa decipiem . - This exotie grass reacts energetically 
for cyanogenetic glucoside at all times of the year, and is 
strongest in Autumn and late Spring. The flowers and seeds are 
also very strong. It is cultivated in the Botanio Gardens and 
Centennial Park. 


Grasses cultivated in the Botanic Gardens. 

By the co-operation of the Director of the Gardens, Mr. J. H. 
Maiden, 152 different species of native and exotic grasses have 
been tested at fourdifferent seasons throughout the year. A number 
of the results were confirmed by tests on material collected by Mr. 
E. Breakwell, B.A., B.Sc., Department of Agriculture, in the pas¬ 
toral districts and at the Government Farms. 

All the specimens have been carefully examined by Mr. E. Cheel 
in the National Herbarium, and considerable time has been occu¬ 
pied in their identification. The species were checked and con¬ 
firmed by Mr. Maiden, and a number of doubtful ones were re¬ 
ferred to Kew. It will be recognised that the value of the results 
stated is largely dependent on the fact that the botanical names 
are as correct as it is possible to give them, and for this essential 
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part of the work much credit is due to my collaborators. 

The grasses were tested in a similar manner to the plants re¬ 
corded in Part i. (These Proe. xxxvii., 1912, 220), vie., (1) grass 
in vapour of chloroform, for presence of eyanogenetie compounds 
and free hydrocyanic acid, (2) grass and emulsin, in case of 
enzyme deficient or absent, and (3) grass and amygdalin, for pre¬ 
sence of /3 enzymes. 

These three tests are represented respectively by the three signs 
in each column. 



Jtn. 

April. 

Aug. 

Nov. 

Agropyron acdbrum Beany. 


_ 

. 



Agrostia alba Linn. 


_ t 

— # — 

mm 


stolonifera Linn. 

- - — 

— . « 

— , . 

— 

. — 

atolonifera Linn., var. gigantea 

— — — 

— * 


— 

. — 

verticillata Vill. .. 

_ _ — 

— 


— 

— 

vulgaris With. .. 

— , — 

— — 


— 

, — 

Alopecurua geniculatua Linn. 


— — — 

— • — 

mm 


Andropogon affinia R.Br. 



mm 

mm 

• • 

annulatus Foret.j 

mm mm mm 


mm t 

mm 


australis Spreng.. 

mm mm — 

_ 

mm 

mm 

i • 

bombycinus R.Br. 

— — — 

—. 

— 

mm 

* . 

gryllut Trin. 

4* . . 

4- . . 

4* . . 

+ 

• • 

halepensis Sibth., var. mutica 






Hack . 

4. 

4. 

4. 

4. 


intermedins R.Br . 

T • • 

+ . . 

T » . 

4- . . 

T • • 

4* . . 

4- 

• • 

ischamum Linn . 

4* • e 

4* • e 

4* . . 

4* 

0 • 

micranthua Kunth . 

+ . • 

+ . . 


4- 

• 1 

8occharoidea Sw., var. barbi- 






nodis ... 

mm m- mm 


- - + 

- 


achcenanthue Linn . 






sericeus R.Br. 


™“ • • 

* • 


• • 

Anthoxanthum odoratum Linn. .. 

~ . + 


— • • 

mm 

. 4* 

Aristida ramosa R.Br. 



, —m 

mm 


Arundinella nepaUneia Trin. 

_ — — 

_ , —.: 

mm mm. 


_ 

Aaperella hystrix Linn. 

mm mm mm 


mm 



Aatrebla triticoidea F.v.M. 

mm mm mm 


- . 4- 


mm 

Bouteloua oligostachya Tprr. . * .. 

+ . • 

"" . < 

4- . 

4- 


Brisa minor Linn.. 






Bromus eractus Hade . 

— 

- . . 

** . . 

- 

. - 
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Jan. 


April. 


Aug. 


Nov. 


Bromus inermis Ley ss . 

Kalmii Gray .. . *. 


madritetisis Linn. 

Pampellianus Scribn. 

racemose Linn. 

teetotum linn. 

unioloides H.B.K. 

Catapodium syrticum Murb. 

Cenchrus australis R.Br. 

Cher turn bromoides . 

Chloris gayana Kunth.. 

A petr<ea Sw..’. 

polydaetyla Sw. 

submutica H.B.K. 

truncata R.Br.... 

ventricosa R.Br.. .. .. 

Coix lachrymi-Jobi Linn. 

Cortaderia argentea , var. rosea .. 

var. gigantea . 

var. variegata . 

Corynephorua canescens Beauv. .. 

Cynodon dactylon Pers.j 

incomplete Nees. 

Dactylis glomerata Linn. 

Danthonia semiannularfa R.Br. .. 

racemosa R.Br. 

Dichelachne crinita Hook.. . 

Digitaria didactyla Willd. 

tenuiflora Beauv. 

Diplachne dubia Scribn. 

Echinopogon ovate Palis. 

Ehrharta ealycinaSw var. versicolor 

Eleusine asgyptiaca Pers. 

indica G«rtn. 

Elymus arenareus Linn. 

robustue Scribn. 


h 

f 

-i 

+ 

1 - 

+ 

4* 


♦ 

+ 

4 


4 


+ 

4* 


virginicus linn. .. 
Eragrostis Brownii Nees 

curvula Nees. 

diandra Stead. 
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Eragrostis Uptostachya Steud . 

major ... 

pilota Beauv.. 

plana Nets «• .« .. 

Jan. 

April. 

Au». 

Nov. 

-+ 

— — 4* 

. < 

" • • 

purshii Schrad.. 

-+ 


- . + 


ErianthuB ravennas Beauv. 



— . . 


Festuca bromoides Linn. 



— — — 

# 

duriuscula Linn. 




w mmm 

elatior Linn.. 





elatior Linn.! subsp. arundinacea 


mm 

, . . 

mm. mm 

gigantea ViU... 

mm mm W* 

mm 

— » 

mm f Ml 

Hooktridna F.v.M.. .. 

, J||r 


_ 

— 

ovina Linn. 




_ __ 

ovina, var. tenuifolia, Sibth. .. 



— 

mm % mm 

rubra Linn. ... 

— — 

mm t mm 

— — 

mm § — 

Glycerin Fordtana F.v.M. 


— 

— 4 

— . , 

Hamarthria tompressa R. Br. 

- . + 

— , 

-+ 

— . — 

Itachnt auttrdlii R.Br. 

a. . _ 

— # _ 


— # mm 

Lagurus ovatus Linn. 


— . 4 . 


— . 

Leptochloa decipiens R.Br. (Stapf) 

+ . . 

+ ♦ . 

4* . 

4- . . 

Lolium multijtorum Lam. 


- — — 

™ . . 

- . - 

perenne Linn.. 

. . . 

— • — 

— , t 

— . — 

temulentum Linn. 

mm __ 


; _ _ _ 

— f — 

Microlama stipoides R.Br. 

_ __ _ 


— — mm 

• . — 

Miscanthus sinensis, var. sebrina . • 

— n- 

M • — 

. . . 

- . — 

Oplismenus Burmanni Beanv., var. 





variegatus . 

rr 

mm mm 


— — 

Orysopsis miliacum Benth. 

mm mm mm 


mm # # 

— . — 

Panicum bicolor R.Br. • • . • .. . • 




— — 

bulbosum H.B.K.. 

-+ 

mm mm 

- . 4* 


colonum Linn. 

- - + 

_ _ 


— 9m 

1 * 

4 

i. 

i 

w 


* • . 

"* . < 

mm , «. 

divaricatimmum R.Br., var. 





normals Benth . 

" . + 

— . . 

— 

“ . + 

flavidum Beta . 


• , 

*" * . 

mm t rnm 

flavidum, var. tenuior Rata. .. 

— . — 

— . mm 

... 

*“ . I 

gracile R.Br . 

— M 

mm • • 

~ . . 

— . « 

leucophanm H.B.K . 

-+ 

-4* 

- , _ 

. « 

marginatum R.Br .. 

*** e mm 

- — — 


- . - 

miliars Lam. .. 

""ft 

— , — 

* a • 

. • 
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Panicumparv\florum R.Br. ... 

plicatum . 

sanguinale Linn*. 

striatum R.Br. .. .. .. .. 

teneriffm R.Br. 

Paspalum dilatatum Poir. 

distichum Linn... .. 

leave Miehx. 

paniculatum Linn. 

platyeaule Poir.. 

scrobiculatum Linn. 

stoloniferum Desv. 

undulatum Poir. 

virgatum Linn.*. .. 

Pennmtum compressum R.Br. .. 

latifolium Spreng. 

longistylum Hochst. 

macrorum Trin. 

orientate Rich., var. triflorum 

Phalaris bulbosa Linn. 

ccerulescene Desf. 

minor Retz.... .. 

Poa annua Linn. 

caapitosa Forst. 

compressa Linn. 

nemoralis Linn.. 

pratsnsts Linn. 

Pollinia fulva Benth. 

Saccharum ojficinarum Linn. ... 


Secale dalmaticum Vis. 

Setaria imberbis Room. & Schult. 

Spinifex hirsutus L&bili. 

Sporobolus Hander Beauv. 

indicus R.Br. 

Virginians Kunth. 

WrigKtiana . 

Stipa elegantissima Labill. 

pubescens R.Br. 

tenuissima Trin. 


+ - 
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Stipa verticilkUa Trin . 

J»n. 

April. 

Aug* 

Not. 


"* i • 

*" • • 

*■ • ■ 

-+ 

mm • 

*• « 

Themeda avenue,tea . 

Fortkali Hack. 

giganUa Hack. 

Triodia albescent Munro. 

Trypsacum dactyloides linn . 

Uniola latifolia Miehx. . 

Znysia pang&na Willd .. . 

- - + 

** • 

“ • • 

"" • **** 

— . — 

■* i • 

** * • 

-+ 

«•> aw 



The author desires to express his indebtedness to Professor 
Anderson Stuart for laboratory facilities afforded for this in¬ 
vestigation. 













[From the Proceedings qf the Linnean Society of New South Wales , 
1913 , Vol. xxxviii., Part Jb November 26th.') 

NOTE ON THE OCCURRENCE OP STRYCHNICINE. 

By Jambs M. Petrib, D.Sc., F.I.O., Linnean Maoleay Fellow 
of the Society in Biochemistry. 

(From the Physiological Laboratory of the University of Sydney.) 

Strychnos psilosperma is a small tree, endemic in northern New 
South Wales,and Queensland. Its leaves possess a bitter taste, and 
are found to contain the little-known alkaloid strychnicine, accom¬ 
panying strychnine and brucine. 

Occurrence .—Strychnicine was discovered by Dr. van Boorsma, 
in 1902.* He isolated this alkaloid from the leaves of Strychnos nux- 
vomica , detecting it even in their earliest stages. He also found it 
in the pulp of the ripe fruit, in the hard shell, and in the thin 
orange-coloured skin of the fruit. The seeds contained a trace, and 
sometimes none. It was alBo identified in the leaves of Strychnos 
tieuM of Java; and was shown to be absent from the bark and 
wood of both these species. In the former it is associated, in the 
leaves, with both strychnine and brucine, while in the latter species 
with strychnine only. 

Van Boorsma likewise tested Strychnos laurina and S. mono - 
sperma (E. Indies), leaves and branches, both young and old, but 
found no strychnicine. 

Since its discovery, in 1902, this alkaloid has apparently been 
entirely neglected. The original paper, occurring in a botanical 
journal, published in the Dutch East Indies, has probably not been 
available to all workers; and perhaps for this reason, the Strych¬ 
nin species which have been examined, other than those mentioned, 
have not been tested for strychnicine. 

Separation of Strychnicine. —The leaves of Strychnos psilo - 
sperma were extracted with alcohol, the solvent distilled off in 

‘Bull, de l'inatU. hot. da Buitenzorg, xiv., 1902, 3. 
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vacuo, and the residue dissolved in acidulated water. From this 
solution, containing alkaloids, the colouring matter was removed 
with ether and chloroform; then, on adding a slight excess of 
sodium hydroxide, the alkaloids were precipitated, and extracted 
with chloroform. The extract was shaken with acidulated water, 
and back into chloroform, a number of times in succession. Finally, 
the chloroform was distilled off, and the residue converted into 
sulphates, which were then dissolved in hot water and crystallised. 
The alkaloids readily separated in this way, and left in the mother- 
liquor a small amount of brucine, and most of the glucoside loga- 
nin, which imparted to the solution its characteristic purple tint 

The sulphates of the combined alkaloids were recrystallised from 
water and alcohol, and this left a peculiar green fluid, which gra¬ 
dually changed to brown on long standing. This point was ob¬ 
served also by Hooper* in his examination of S. nnx-vomica leaves, 
and stated by him to be due to an acid resin. 

The white crystallised sulphates were next dissolved in the mini¬ 
mum quantity of water, and precipitated by a considerable excess 
of sodium hydroxide. Van Boorsma states that the strychnicine 
redissolves under these conditions. The precipitate which was 
separated by the centrifuge, consisted of strychnine, and the super¬ 
natant fluid was examined for strychnicine. On the addition of 
more alkali to this fluid, further deposition took place of a bulky 
precipitate, first white, then turning to pink, brown, and dark 
brown. . This precipitate appeared also to be easily soluble on 
adding a very little water, and was removed by shaking out with 
chloroform. The remaining aqueous solution, and from which 
nothing more could be removed by chloroform, still gave a Mayer 
reaction when tested, and became fluorescent when acidulated; it, 
however, did not taste bitter. The chloroform-extract then con¬ 
tained that portion of the alkaloids which was not permanently 
precipitated by sodium hydroxide. After removal of the chloro¬ 
form, and dissolving in dilute sulphuric acid, to the solution, potas- 


* Pharm. Journ. xxi,, 1890, 498. 
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siura ferrocyanide was added, in order to separate any strychnine. 
This ferrocyanide precipitate and filtrate were separately ex¬ 
amined. 

Results ,—The small ferrocyanide precipitate, when extracted 
with ammonia and chloroform, and the latter distilled off, left a 
residue, which—(1) gave all the general reactions for alkaloids, 
(2) with sulphuric acid and bichromate did not give the character¬ 
istic colour-reaction for strychnine, (3) gave no red colouration 
with nitric acid. This ferrocyanide precipitate, therefore, con¬ 
tained an alkaloid, which was not strychnine, and not brucine. 

The filtrate from the ferrocyanide was also shaken out with 
alkali-chloroform, the solvent removed by distillation and the resi¬ 
due tested: (1) It gave all the general alkaloidal reactions, (2) it 
did not give the strychnine colour-test with sulphuric acid and 
bichromate, but (3) gave a faint positive reaction with nitric acid 
for brucine. The ferrocyanide filtrate, therefore, also contained an 
alkaloid, which was not strychnine, and in which only a trace of 
brucine was detected. 

The alkaloid in both ferrocyanide precipitate and filtrate, when 
dissolved in a little dilute acid, gave precipitations with Wagner 
and Mayer solutions, picric, phosphotungstic, phosphomolybdic, 
tannic acids. When treated with excess of sodium hydroxide and 
filtered, the solution gave with hydrochloric acid the purple colour 
due to stryclinicine, a reaction which the discoverer states to be 
characteristic of this new alkaloid. Barium hydroxide in excess 
and the solution then acidified with hydrochloric acid, also gives 
the characteristic purple reaction. 

References .—It is noteworthy that, in the literature on the 
Strychnos species, before van Boorsma’s discovery, there are defi¬ 
nite indications of a probable new alkaloid; for example, Shen- 
stone (Journ. Chem. Soc. 37, 1880, 235) states, that the igasurine 
of Desnoix is a mixture of strychnine and brucine, with a trace of 
some persistent impurity. Koefoed (Chem. Zeit., Mar. 16, 1889, 
78; thro. Pharm. Journ. xix., 864) shows evidence which led him to 
conclude, that commercial strychnine and brucine each contain two 
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alkaloids. Fractional crystallisation of the platinum salts gave two 
different compounds containing different amounts of Pt.; the mole* 
cular difference represented CH # , and the author distinguished the 
new compound by the prefix “homo." Hooper (Pharm. Journ. xxi., 
1890, 493) in his investigation of the constituents of the .leaves of 
8. nux-vomica, found that potassium ferrocyanide gave only a 
small precipitate, but that this did not possess the properties of 
strychnine; it did not give the sulphuric-bichromate reaction. 

Summary .—The alkaloid discovered by van Boorsma in 1902, 
in the leaves of Strychnos nux-vomica, and named by him, strych* 
nicine, is identified in the leaves of the Australian endemic species, 
Strychno» psilosptrma. This strychnicine is found in the mother- 
liquor, after separating strychnine and brucine by sodium 
hydroxide and crystallisation. It is only partially precipitated by 
ferrocyanide, on long standing at a low temperature. It is recog¬ 
nised by its giving all the general alkaloid reactions, by giving a 
negative result for strychnine with sulphuric and bichromate, and 
a negative brucine result with nitric acid. Its solubility in sodium 
hydroxide, and its colour-reaction with barium or sodium 
hydroxide and hydrochloric acid are characteristic. 

I am indebted to Mr. F. Turner, F.L.S., for the supply of 
material, which was sent to him by Dr. Bancroft, from North 
Queensland, and to both I take this opportunity of expressing my 
thanks. I have also to thank Professor Anderson Stuart for 
laboratory accommodation and facilities. 



[From the Proceedings of the Linnean Society of New South Wales , 
1916 } Vol. xli. t Part /, April 26th.] 


THE CHEMICAL TNVESTIMATION OF SOME POISON¬ 
OUS PLANTS IN THE N.O. SOLAN ACE JR. 

Part ii. Nicotian a suaveolkns\ and the Identification 
of its Alkaloid. 

By James M. Petrie, J).Sc., F.I.C., Linnean Maclkai Fellow 
of the Society in Biochemistry. 

(From (he Physiological Laboratory of the University of Sydney.) 

Nicotiana suaveolens Lehin., the ‘‘native tobacco” of Austra¬ 
lia, and the only endemic species, is plentiful in the interior of 
this State. It grows about three feet high, and is often a 
troublesome weed in the stock Country. It is a drought-resistant 
plant, and spreads over large tracts of land in the dry seasons. 
Hence it is that, when grass and other fodder plants are withered 
or overrun by this weed, it is often the only green plant left 
available to starving animals. It is then readily eaten by stock, 
and, according to the reports of the owners and Inspectors, the 
results are variable. Though in many cases no apparent harm 
has followed, there is still a consensus of opinion among stock¬ 
men, that many of their losses must be attributed to this plant. 

The only record of tests having been made on this species, is a 
paper by Dr. Bancroft (Proc. Hoy. Soe. Queens., iv., 1887, p 9), 
in which he states that the physiological effect of the extracts on 
animals resembled that of extracts of true tobacco and of pituri. 

The following is the account of a chemical investigation of 
this plant, which was undertaken to decide definitely the nature 
of its active principle, and also to determine whether this con¬ 
stituent is present in quantity sufficient to cause death. 

Extraction of active principle: For this purpose, plants were 
collected in the midsummers of 1911, 1912, and 1913, chiefly 
from the dry North-West. Through Chief Inspector Symons, of 
the Stock Department, a sample was received from Narrabri, 
This, on its arrival, contained 37 per cent, of moisture, and con¬ 
sisted of leaves, stalks, and roots. The whole sample was ex¬ 
tracted with alcohol, and the solvent afterwards removed by 
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distillation under diminished pressure. The extract gave all the 
general alkaloid reactions, and smelt strongly of tobacco. The 
alkaloid was completely removed from this extract by petroleum 
spirit (b.p. under 45*C) after making alkaline with sodium 
hydroxide. From this coloured solution, the alkaloid was care¬ 
fully purified without loss, by shaking it into water and petro¬ 
leum spirit successively, many times, and finally obtained as a 
colourless, aqueous solution. This solution was slightly alkaline, 
and possessed the odour of nicotine. It was then titrated with 
tenth-normal acid and alkali, and gave an equivalent of 2c.c. of 
acid neutralised by the alkaloid. If this quantity be calculated 
as nicotine, it represents 0 0324 gm., and is 0124 per cent, of 
the plant (dried at 100*). 

A second sample, from the Caatleroagh River,’ in the Coonam- 
ble district, was obtained from Mr. Break well, of the Department 
of Agriculture. This sample had been spread out to <^ry in the 
air to avoid mould in transit, and when received it contained 
only 9 per cent, of moisture. The whole of the material, con¬ 
sisting of leaves and stalks, in this case was subjected to dis¬ 
tillation in a current of steam, the powdered plant being first 
mixed with 0*5 per cent, sodium hydroxide in solution, and a 
large excess of milk of lime. 'Hie whole of the alkaloid passed 
into the distillate; and the residue in the still being free from 
alkaloid, showed that no non-volatile alkaloid existed in the 
plant. The voluminous distillate contained much ammonia, 
which is derived from the cleavage of amido compounds, and this 
free ammonia was eliminated by passing a current of air through 
the solution for many hours. The alkaloid was next converted 
into oxalate, and the fluid concentrated at a low temperature to 
about 300 c.c. From this solution ether removed the alkaloid, 
and the ether extract was carefully purified and dried. The ether 
was then slowly removed, and the residue dried to constaut 
weight; 0*07 gm. was obtained, which represented 0*011 per 
cent, of the plant-material dried at 100°C. 

Another quantity was collected for me, near Picton, about 60 
miles from Sydney, by Mr. E. Cheel, of the National Herbarium. 
This consisted of fresh, green leaves and stalks, with 72 per cent. 
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of moisture. The whole was distilled as before, in a current of 
steam, until the alkaloid was completely volatilised. The alka¬ 
loid was isolated and purified as in the last case, neutralised 
with excess of tenth-normal oxalic acid, and the excess deter¬ 
mined by titration, using cochineal indicator. The result in 
this case gave 0*0178 gin. of alkaloid, or 0*015 per cent, of the 
plant (dried at 100*). 

If we regard the above sample containing 72 per cent, of water 
as a fair average specimen of fresh material, we can express these 
results also in terms of the green plant, and thereby form a better 
idea of the amount of alkaloid in the original plant as eaten by 
stock. The results may then l>e stated : 

Amount of Alkaloid expi-caaed ah Nicotine. 

(1) 0*0X5% of freak plant. 0*124% of plant dried at 100‘(<. 

(2) 0*00»S% of fresh plant. 0*011% of plant dried at 100 C. 

(X) 0*004% of fresh plant. 0*015% of plant dried at 100‘C. 

Mxarttination of the Alkaloid , —The aqueous solution isalkalien 
to litmus, and possesses a burning taste, and the characteristic 
tobacco odour. The pale yellow substance, when exposed to the 
air, oxidises, and turns dark brown; it then possesses the nause¬ 
ating odour of nicotine. 

Of the salts of nicotine, the most characteristic, and the one 
l>est adapted for the identification of the alkaloid, is the picrate. 
Accordingly, the picrate was prepared from the aqueous solution 
by the addition of excess of picric acid. The dense yellow pre¬ 
cipitate, amorphous at first, gradually assumed, on standing, the 
characteristic, thin, yellow, needle-shaped crystals. At the same 
time, pure nicotine picrate was prepared under similar conditions, 
and the crystals compared. Under the microscope, they were pre¬ 
cisely alike. The crystals were washed completely with distilled 
water, and recrystallised three times from water, then finally dried 
at 100*C The melting-points were then determined together:— 

Picrate of N. suaveolens alkaloid . —m.p. 218°C. (corrected). 

Picrate of pure niootine. 218 

The two mixed together. 218 

The melting-point of nicotine picrate has been determined by 
Pinner and Wolffenstein as 2i8 # C.(Ber.24, 1891, 66). 
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The alkaloid of Nieotiana suaveolens is therefore nicotine. 

For the purpose of comparison, pure nicotine tartrate (B. W.) 
was decomposed, and the nicotine distilled from it in a current 
of purified hydrogen gas. It was collected and at once sealed 
up in the receivers. From this colourless liquid, the nicotine 
picrate was prepared. 

Toxicity of the plant . —Nicotine is probably the most violent 
poison known. Wynter Blyth gives the lethal dose for a human 
adult as about 6 mgs. fn Abderhalden’s “ Biocheinisches Hand' 
lexikon,” it is stated that 5 mgs. suffice to kill a medium-sized 
dog in three minutes. It is evident from these data, taking 
even the lowest value of nicotine in the above results, that there 
is enough contained in one half pound of the green plant, to 
poison an ordinary sized sheep. 1 

References to the plant as a stock poison: - Of the 80 or more 
species of Nieotiana, only a few are known to contain nicotine. 
Nieotiana suaveolens being limited to the Australian continent, 
the records of fatalities are all local. But it is referred to, also, 
by European authorities, such as Dragendorff in “Die Heilpflan- 
zen,”(l898) as a poisonous plant; by Greshoff in his “ Mono¬ 
graph ia de plantis venenatis ” as poisonous for cattle; and by 
Pamrnel (“Poisonous Plants , n 1911) as poisonous to stock. It 
is described by F. M. Bailey, as a stock poison in Queensland, 
and by Professor Ewart as a feebly poisonous plant in Victoria. 
Mr. J. II. Maiden states that it is very deadly to all stock, and 
refers to many instances of poisoning of cattle, sheep, pigs, and 
rabbits. In his “Plants reputed poisonous to Stock,” Mr. 
Maiden describes a sudden fatality, in 1891, of 300 healthy 
cattle, travelling on the great stock route through Milparinka. 

Summary .—The results of this paper prove that Nieotiana 
suaveolens contains the extremely poisonous alkaloid nicotine, 
and that the nicotine is present in sufficient quantity to poison 
stock. 

T express my thanks to Professor Sir Thomas Anderson Stuart, 
in whose laboratory the work Avas done. 
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On the ACCURACY of NEUMANN’S METHOD for 
thh ESTIMATION of PHOSPHORUS. 

By H. S. Halcro Wardlaw, b.So... 

Science Research Scholar of the University of Sydney. 
(From the Physiologioal Laboratory of the University of Sydney.) 

[Read before the Royal Society of N. 8. Wales, June 8, 1914.] 

For the estimation of phosphates in the presence of any 
metals but those of the alkalies the customary procedure 
entails two precipitations, each of which requires about 
twelve hours for completion. (1) The phosphate is pre¬ 
cipitated as ammonium phosphomolybdate by adding a 
solution of ammonium molybdate containing nitric acid. 
(2) The precipitate of ammonium phosphomolybdate is dis¬ 
solved in ammonium hydroxide and the phosphate is pre¬ 
cipitated from it as magnesium ammonium phosphate by 
the addition of magnesia mixture. This latter precipitate 
is ignited to magnesium pyrophosphate, from the weight of 
which the amount of phosphate may be calculated. This 
method was first employed by Sonnenschein. 

The tediousness of this process and the frequency with 
which estimations of phosphate are required for a number 
of purposes have led to many attempts to estimate the 
phosphate directly from the phosphomolybdate precipitate, 
either by weighing (Eggertz, Baxter, Baxter and Griffin, 
Ohesneau), or volumetrically. These direct methods all 
have the drawback that there is some uncertainty as to 
the exact composition of the precipitate of ammonium 
phosphomolybdate obtained, so that although individual 
workers, performing their analyses under very uniform 
conditions, may have obtained satisfactory concordance in 
their results, these methods have not met with very general 
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acceptance for any but routine work and where great 
accuracy is not required. 

Of the volumetric methods for the estimation of phos¬ 
phate from the ammonium phosphomolybdate precipitate, 
those of Hundeshagen and of Grete depend on the direct 
titration of the phosphate against standard molybdic acid, 
but the majority are simple acid-alkali titrations, the 
ammonium phosphomolybdate being dissolved in excess of 
standard alkali, and the excess determined by titration 
with standard acid. The amount of phosphate present is 
obtained from the amount of standard alkali used up in the 
interaction with the precipitate. In addition to all the 
disadvantages due to uncertainties as to the composition 
of the precipitate, these methods are also generally faced 
with the difficulties attendant on an indistinct end-point. 
Taking the formula given to the precipitate by Hundes¬ 
hagen, who was the first to investigate the conditions of 
formation of ammonium phosphomolybdate, the reaction 
which occurs with caustic soda is given by the equation: 
(NH 4 ) a .P0 4 .12 Mo0 8 .2 HNOj + 28NaOH = 

3NH 4 OH+Na 2 HP0 4 +12Na a Mo0 4 +2NaNO a +13H 2 0. 
On titrating back the excess of acid, therefore, an indicator 
to which NaH 2 P0 4 reacts acid, i.e., a feebly acid indicator 
such as litmus or phenolphthalein, must be used. The 
ammonia formed in the reaction, however, will exert its 
usual disturbing influence on the sharpness of the end-point 
shown by this class of indicators, and will materially 
influence the accuracy of the determination. Early methods 
of this type are those of Thilo, Handy, and Pemberton jun. 

In 1902, however, a method which showed a distinct 
advance on the previous alkalimetric methods was published 
by A. Neumann. In this method the ammonia formed in 
the reaction with caustic soda is eliminated by boiling 
before titration. Neumann therefore avoids all errors 
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traceable to an indistinct end-point. Neumann’s method 
was especially developed for the analysis of organic sub¬ 
stances and in connection with a process for the combustion 
of the organic matter and the conversion of the phosphorus 
into phosphates by means of oxidising acids. The organic 
substance is oxidised by heating with a mixture of equal 
volumes of concentrated nitric and sulphuric acids, renewed 
as required. The oxidation is complete when the acid 
mixture remaiDS clear and almost colourless after the boil¬ 
ing off of all the nitric acid. Neumann calls the product 
obtained an “acid-ash.” By this process the well known 
danger of loss of the phosphorus of organic compounds by 
volatilisation during ignition is entirely obviated. The 
phosphate in this acid-ash, which must not contain more 
than a certain maximal amount of sulphuric acid, is pre¬ 
cipitated as ammonium phosphomolybdate in the presence 
of ammonium nitrate (10%) by the addition of an aqueous 
solution of ammonium molybdate. The precipitate is washed 
acid-free by decantation with ice-cold water, dissolved in 
excess of seminormal sodium hydroxide, the ammonia is 
boiled off, and the excess of alkali is determined by titration 
with seminormal sulphuric acid. Neumann takes the equa¬ 
tion given above as correctly representing the reaction 
which occurs with the alkali, and according to this each 
cubic centimetre of seminormal alkali interacting with 
the ammonium phosphomolybdate corresponds to 1*268 
milligrams of P a 0 5 . 

Plimmer and Bayliss have modified Neumann’s acid-ash¬ 
ing prooess by adding a definite volume of concentrated 
sulphuric acid at the beginning of the oxidation process, 
and putting in nitric acid from time to time as required 
until the oxidation is complete. This avoids the difficulty 
of limitation of the amount of acid mixture, which, in the 
case of substances containing much fat aud carbohydrate, 
such as milk, is rather a serious disadvantage. Plimmer 
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and Bayliss also wash the precipitate in a different way; 
they use suction and water at ordinary temperatures, and 
are able to complete the washing in five minutes. Gregersen 
recommends precipitating in the presence of 15% ammonium 
nitrate instead of 10%, and states that there is a lower as 
well as an upper limit to the amount of sulphuric acid 
which may be present in the acid-ash. He also calls atten¬ 
tion to a point of some importance which was overlooked 
by Neumann, that is, that it is necessary to eliminate car¬ 
bon dioxide from the solution before the final titration; 
neglect of this leads to errors of several tenths of a cubic 
centimetre in the titration. 

1 have only been able to find one set of control experi¬ 
ments on Neumann’s method showing really satisfactory 
results; this occurs in Gregersen’s paper mentioned above. 
Neumann’s own paper gives extremely few control experi¬ 
ments. Another serieB of control experiments published 
by Plimmer and Bayliss shows variations amounting to as 
much as 5%, yet on the basis of these results the authors 
describe the method as extremely accurate. Donath gives 
a set of control estimations showing variations of the same 
extent, and describes the method as elegant. Mathison 
makes the statement that on K 2 HP0 4 Neumann’s method 
gave results agreeing to 1% with those obtained by the 
magnesia mixture method. Ehrstrom on the other hand 
states that the method sometimes gives inaccurate results 
for no apparent reason. In a recent paper by Haslam 
figures are given which go to show that in the determin¬ 
ation of .very small amounts of phosphorus (less than one 
milligram) Neumann’s method may give results of higher 
accuracy than those obtainable by the usual methods of 
analysis. As, however, Neumann’s method is one which 
is coming into general use for all classes of biochemica 
work, it seems that more detailed information as to the 



accuracy op Neumann's method. 


77 


errors to which the method may be subject will be of value. 
The present communication is an account of the errors I 
have met with in the use of this method, the effect of some 
conditions on these errors, and an attempt to locate them. 

Details of Method. 

Neumann's method was first used in the present work for 
the analysis of milk; the modification of the acid-ashing 
process due to Piimmer and Bayiiss was used and carbon 
dioxide was eliminated before the final titration. In the 
second series of experiments the estimations were per¬ 
formed on standard phosphate solutions. Here, of course, 
the acid-ashing process is unnecessary, but when the 
requisite amount of sulphuric acid is added to the solution 
a product is obtained closely resembling the acid-ash of an 
organic substance, and the subsequent treatment of the 
two series of estimations is the same in each case. The 
following is a summary of a typical estimation on milk:— 

Ten cc. of milk were placed in a 500 cc. round bottomed 
long necked Jena glass flask, 10 cc. of concentrated sul¬ 
phuric acid and 10 cc. of concentrated nitric acid were 
added and the whole was gently heated until the nitrogen 
peroxide fumes thinned off; the mixture was then cooled, 
another 10 cc. of nitric acid were added, and the heating 
resumed till the fumes thinned off again. After four similar 
additions of nitric acid, the heating was continued until 
this had ail been driven off; the mixture remained clear and 
became almost colourless after ten minutes’ further heat¬ 
ing, indicating completion of the oxidation. The time 
required was about four hours. After cooling, the acid-ash 
was diluted with about 30 cc. of water and boiled for five 
minutes (to get rid of the nitric oxide formed by the decom¬ 
position of the nitrosyl-sulphuric acid produced), then made 
up to 100 cc. with water, 35 cc. of 50% ammonium nitrate 
solution were added, the liquid was brought just to the 
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boil, and the phosphate was precipitated by the addition of 
40 cc. of 10% ammonium molybdate, the liquid being 
thoroughly shaken up for about one minute after the 
addition. The precipitation performed thus occurs in the 
presence of 10% ammonium nitrate at a temperature not 
lower than 70*—80’ O. and is complete in a few minutes. 
After standing for half an hour, the supernatant fluid was 
poured off through a thin 15 cm. filter, and the precipitate 
was washed four times by decantation with 150 cc. of ice- 
cold water each time (temperature 5° - 8* O.), the filter 
being filled with iced water after each washing. The final 
washings were neutral to litmus. The filter, containing a 
small quantity of the precipitate, was then added to the 
main bulk in the flask, some water was put in, and N/2 
NaOII was run in until the precipitate was dissolved(19'Occ. 
required), 6*0 cc. excess being then added (total 25*0 cc.). 
The solution was diluted, the filter broken up by vigorous 
shaking, and the ammonia boiled off. The solution was 
then cooled, its volume was made up to 150 cc., 6 drops of 
0*5% alcoholic phenolphthalein added, and titrated with 
N/2 H a S0 4 (6*25 cc. required), 2*0 cc. excess were added, 
the OO a was boiled off, and the hot solution neutralised 
again with N/2 NaOH (1*25 cc. required). Thus the total 
volume of alkali used was 25*0 + 1*25 = 26*25 cc., and of 
acid, 6*65 + 2*0 = 8*65 cc. The difference between these 
two volumes, 17*6 co., multiplied by 1*268 gives 22*3, 
according to Neumann the number of milligrams of P a O s 
present. 

An attempt was first made to wash the precipitate by 
suction in the way recommended by Plimmer and Bayliss, 
but in every case it was found impossible to prevent visible 
amounts of the precipitate from passing through the filter. 
The precipitation was also tried in the presence of 15% 
ammonium nitrate according to Gregersen’s directions, but 
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as the variations shown by the duplicate analyses given in 
Table I were no less than those shown by the analyses 
performed as described above, Neumann’s proportions were 
reverted to. The values given are the amounts of P a O s in 
10 co. of milk. 


Table I. 


Amounts of P ,0, found in 10 cc. of milk by Greyer sen 1 8 modifiea- 
cation of Neumann's method. 


Estimation. 

Result A. 

Result R 

1 

24*9 mg. 

23*1 mg. 

2 

27*3 „ 

28*6 „ 

3 

25*8 „ 

26*1 „ 

4 

22*4 „ 

22*2 „ 


Difference. 
1*8 mg. 

1-3 „ 

0*3 „ 
0*2 


The maximum difference between any two of the results 
shown on this table is 1*8 mg.; the average difference 
between two estimations is 0*9 mg. (Compare with 
Table II.) 

In the scries of estimations on standard phosphate solu¬ 
tions the method of transferring the small amount of 
precipitate on the Alter to the flask was different; the 
precipitate was dissolved out with 60 cc. of 1:3 ammonia, 
and the Alter then washed ammonia free, the washings 
being added to the Aask; the ammonia is all got rid of again 
in the subsequent boiling with caustic soda. This procedure 
makes the titration rather easier, as a large amount of 
Alter paper in the solution is apt to obscure the end-point. 


Result*. 

(a) Milk .—The following are some of the results obtained 
in the analysis of milk, illustrating the very variable close¬ 
ness of agreement between the duplicate analyses. The 
Agures represent the amount of P 3 0 5 in 10 cc. of whole 
milk. 
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Table II. 

Amounts of P t O, found in 10 ec. of milk by Neumann's method. 


Estimation. 

Result A. 

Result B. 

Difference. 

5 


21*0 mg. 


6 

19-8 „ 

22-0 „ 

22 „ 

7 

21*9 „ 

22-5 „ 

0-6 „ 

8 

23-9 „ 

25-3 „ 

1*4 „ 

9 

27-9 „ 

26-8 „ 

M 

10 

21-4 ,, 

21-3 „ 

01 „ 

11 

22-3 „ 

22-3 „ 

00 „ 


The maximum difference between any two of the results 
la this table is 2*2 mg.; the average difference between two 
estimations is 0*8 mg. 

(b) Standard phosphate solution .—The standard solutions 
of phosphate were prepared by dissolving 6*0 gm. of micro* 
cosmic salt in water and making the solutions up to one 
litre. These solutions have about the same concentration 
of P 2 0 5 as milk. The solutions were standardised either 
(a) by evaporating a known volume of the solution to dry¬ 
ness in a weighed crucible, igniting, and weighing the 
sodium metaphosphate formed, or (b) by estimating the 
amount of phosphate present by the magnesia mixture 
method. The values obtained by the two methods agree 
together as closely as the individual estimations of either 
method, as the following figures for solution A (about 3*3 gm. 
of microcosmic salt per litre) show:— 

Table III. 

Standardisation of Phosphate Solution. 


Volume of 
solution. 

Weight of 
NaP0 3 

Weight of 
Mg.P.O, 

Weight of 
P.O, 

P.O, in 20 cc. 

40 co. 


• • • 

0*0484 gm. 

0*02420 gm. 


00351 „ 

... 

0-0487 „ 

0-02435 „ 

hub 

0*0574 gm. 

0-0366 „ 

0-02436 „ 

30 „ 

.. . 


0 0364 „ 

0-02426 „ 


... 

0-0576 „ | 

0-0367 „ 

0 02440 „ 
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The following table gives the results obtained by 
Neumann’s method for the amount of P,0, in 10 co. of the 
standard phosphate solutions. The errors vary consider¬ 
ably but are all positive. 


Table IV. 

Amounti of P, 0, found in 10 ce. of etandard solution* ly Neumann'» 

method. 


Estimation. 

Result by 
Neumann. 

Difference 
from mean. 

Result by 
weighing as 

Percentage 

error. 

12 

23*0 mg. 

+ 0-29 mg. 

MgflPflOy 

+ 31 

13 

23*3 ,, 

+ 0 09 „ 

(8oln. B.) 

4-0 

14 

22-8 „ 

+ 0-49 „ 


2*2 

15 

23-1 „ 

+ 0-19 „ 

22*3 mg. 

3*6 

16 

24 0 „ 

- 0-71 „ 

M# 

7-6 

17 

23-7 „ 

- 0-41 „ 

... 

6-2 

18 

23-1 „ 

+ 0-19 „ 


3*6 

Mean 

23-29 „ 

0-34 „ 

... 

4*3 

19 

22-7 „ 

+ 0-64 „ 

NaPO, 

+ 0*9 

20 

23-3 „ 

+ 0-04 „ 

(Soln. C.) 

3*6 

21 

23-1 „ 

+ 0-24 „ 

• • • 

2*7 

22 

23-3 „ 

+ 0-04 „ 

22*5 mg. 

3*6 

23 

23-5 „ 

- 016 „ 


4*4 

24 

23-3 „ 

+ 0.04 


3*6 

25 

23-8 „ 

- 0-46 „ 

• • • 

5*8 

26 

23-7 „ 

- 0-36 „ 

• • • i 

5*3 

Mean 

23-34,, 

0-25 

... 

3*6 


The extreme difference between any two members of the 
first series of the above results is 1*2 mg., and of the second 
series, 1*1 mg. The average difference from the mean in 
the first case is 0*31 mg., or 1*5%, and in the second case, 
0*25 mg., or 1*1%. The mean of these figures is 1*3%, and 
this we may take as the average casual error of these 
results. The means of the figures for the percentage differ¬ 
ence of the two above sets of results from the standard 
results are 4*3 and 3*6% respectively, and the mean of these 
two figures is 4*0%. This value represents the average 
constant error of the results. We see from the table, 
therefore, that as a first approximation, the results obtained 
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by Neumann’s method are 4*0% ± 1*8% high. The casual 
error of the results shown here is a good deal smaller than 
those shown by the results on milk given in Tables I and 
II, a fact which seems to idicate that there may be sources 
of error in the preliminary acid-ashing process to which 
the milks were submitted. 

Sources of Error. 

In the estimation of phosphorus by the method of Neumann 
modified as described, there are, apart from the preliminary 
acid-ashing process, five stages at which sources of error 
may be sought. 

1. The precipitation. It may («) be incomplete, (b) the 

precipitate may not have the composition assigned 
to it. 

2. The washing, (a) This may be insufficient, (b) the 

precipitate may be dissolved by the wash-water, (c) 
the precipitate may be decomposed by the wash- 
water. 

3. The boiling oil of ammonia, (a) It may be incomplete, 

(b) the substances present may be altered in some way. 

4. The boiling off of carbon dioxide, (a) It may be incom¬ 

plete, (b) the substances present may be altered. 

5. The final titration, (a) The end point may not be 

satisfactory, (b) the value obtained will depend on 
the nature of the substances present. 

Let us now consider the possibility of error coming in at 
these several stages. 

1. (a) The completeness of the precipitation was proved 
by digesting the filtrate for several hours with excess of 
ammonium molybdate and ammonium nitrate. Mere traces 
only of further precipitation were ever obtained in this 
way, and as the precipitate contains only about 1*6% of 
phosphorus no appreciable error is introduced here, (b) At 
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the present stage of the work we have no grounds for 
stating whether the composition of the precipitate 1 b that 
assumed by Neumann or not (see later). 

2. (a) The sufficiency of the washing was proved by the 
neutrality to litmus of the wash-water, (b) By evaporating 
down the washings extremely slight amounts of the pre¬ 
cipitate were found to have dissolved, but the quantity 
was too small to introduce any appreciable error, (c) It 
has been shown by Hundeshagen, and confirmed by Neu¬ 
mann, that large amounts of water cause the two loosely 
bound molecules of nitric acid to split off from the molecule 
of ammonium phosphomolybdate, a fact that was also 
noticed in the present work. This, however, is indicated 
by the washings becoming acid again, and washing was 
always stopped as soon as the washings became neutral. 

3. (a) The freedom of the alkaline solution from ammonia 
was judged by testing the issuing steam with litmus paper. 
P. was found necessary to boil the solution for considerably 
over an hour, instead of for twenty minutes, as stated by 
Neumann, before the issuing steam no longer reacted with 
litmus paper. The ammonia is therefore not readily got 
rid of. Bang considers this stage to be the weak point of 
the whole method, and recommends the removal of the 
ammonia as hexamethylene tetramine by the addition of 
formaldehyde, (b) We are uot in a position to Bay whether 
this boiling, latterly with rather concentrated caustic soda, 
may not modify the substances present, in some way. 

4. (a) The acid solutions were vigorously boiled for ten 
minutes, so that little carbon dioxide could have remained 
in solution, and any error arising from this source must be 
very small, (b) With regard to any possible effect on the 
nature of the substances present we can again say nothing. 

5. (a) The end-point of the titration left little to be 
desired, being determinable to one drop without difficulty. 
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This final titration was always performed on the acid solu¬ 
tion while still nearly boiling, and although cold alkali was 
added, no error worth considering could be introduced in 
this way as the amount of alkali used was only about 1 cc. 
and the amount of carbonate introduced by it into the hot 
solution, if any, would be very small, (b) What has already 
been said about the composition of the substances in the 
solution applies here too. 

All the errors set forth above about whioh we have 
definite information can thus only be of small amount, 
and of them three would tend to give high, two low results. 
The analysis of standard phosphate solutions showed us, 
however, that positive errors of considerable magnitude 
were invariably met with, and as all sources of error except 
those depending on the composition of the precipitate and 
the substances derived from it have been accounted for, we 
are forced to conclude either that the precipitate obtained 
has not the composition assumed, or that the reaction with 
the alkali does not take place according to the equation 
given above, or that the products formed are subsequently 
modified in such a way as to alter the amount of alkali 
combined with. These factors may also act simultaneously. 

It has been shown by Baxter, Kilgore, Baxter and Griffin, 
Ohesneau, Hissink and van der Waerden, Lagers, Artman, 
and by other workers, that the precipitate of ammonium 
phosphomolybdate as prepared by them invariably contained 
an amount of molybdenum in excess of that required by the 
formula given by Hundeshagen, (NH 4 ) 8 .P0 4 .12MoO, 
.2 HN0 8 . It must be remembered that in preparing this 
substance Hundeshagen was careful to avoid excess of 
molybdlc acid, whilst the precipitate obtained in the course 
of analysis is formed in the presence of considerable excess 
of molybdate. Hissink and van der Waerden, Richardson, 
and Artman have also shown that the presence of sulphuric 
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acid still further increases the amount of molybdenum 
found in this precipitate, the amount increasing with the 
quantity of sulphuric acid present until according to Hissink 
and van der Waerden, a maximum of 12*65 Mo for each P 
is reached. Riohardson, and Artman state that the pre¬ 
cipitate formed in the presence of sulphuric acid or a sul¬ 
phate always contains sulphate, even after being washed 
till neutral. Richardson supposes that sulphuric acid may 
to a certain extent form a sulphomolybdate analogous to 
the phosphomolybdate, and which would react towards 
alkali like the latter. In the precipitate prepared as 
described above, however, I have not been able to detect 
more than traces of sulphate after complete washing. The 
precipitate was dissolved in sodium hydroxide and the 
ammonia boiled off. The solution was acidified with 
hydrochloric acid, and barium chloride was added. 
Richardson, and Artman simply dissolved the precipitate 
in nitric acid and then tested with barium chloride. 

The conditions under which the precipitate of ammonium 
phosphomolybdate is formed in Neumann’s method for the 
estimation of phosphorus thus seem to be particularly 
favourable to the appearance of a precipitate containing 
excess of molybdenum. I have, therefore, determined 
the amount of molybdenum contained in the precipitate 
formed under these conditions in order to discover what 
part of the error observed may be due to excess of molyb¬ 
denum, as this would enable the precipitate to react with 
a larger amount of alkali than that assumed by the formula 
given above and therefore lead to high results in the 
estimations by Neumann’s method. 

Molybdenum-content of prooipitate of Ammonium 
Phosphomolybdate. 

After trying several methods for the estimation of 
molybdenum, the method given by Brearley and Ibbotson 
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tor the estimation of phosphorus was adopted. In this 
method the precipitate of ammonium phosphomolybdate is 
dissolved in ammonium hydroxide, the solution is nearly 
neutralised, and the phosphate and molybdate are precipi¬ 
tated together as a mixture of lead phosphate and lead 
molybdate by the addition of lead acetate. The phosphate 
is said not to be precipitated quite completely in this way, 
but as the lead phosphate formed amounts to only 10% of 
the whole precipitate the error introduced is not large. 
Knowing the amount of phosphate present we may calculate 
the weight of lead phosphate which should be formed, and 
by subtracting this from the total weight of the mixed 
precipitate we may obtain the weight of lead molybdate 
thrown down. The foilowingare the detailsof an estimation. 

The precipitate of ammonium phosphomolybdate obtained 
as described above from 10 cc. of standard phosphate solu¬ 
tion was washed acid free with iced water and dissolved in 
ammonium hydroxide, the solution was made up to 200 cc. 
and divided into two equal parts, each part being then 
treated independently. The ammonia was nearly neutral¬ 
ised with hydrochloric acid, about 20 gm. of ammonium 
chloride were added, the solution was heated to boiling, 
and 200 cc. of a boiling solution of lead acetate and acetic 
acid (16 cc. 50%, saturated, lead acetate and 16 co. of 
glacial acetic acid made up to 1000 cc.) were poured in. A 
dense white precipitate immediately formed, and the boil¬ 
ing was continued for ten minutes to ensure that the precipi¬ 
tate became granular. The precipitate is Rnely divided and 
very heavy, but when prepared as described it filters easily. 
The precipitate was washed free from chlorides with hot 
water and ignited with the filter in a muffle, very high 
temperatures being avoided as the precipitate is fusible. 
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Bach precipitate obtained thus contains the equivalent 
of 11*28 mg. of P.O. (standard solution D). We see from 
the formula of Hundeshagen for the ammonium phospho* 
molybdate that for each molecule of Pb,(PO«), 24 molecules 
of PbMoO* should be formed. The weight of lead phosphate 
corresponding to the above amount of P,0. is 0*01128 x 
811/142 = 0*0644 gm. (P.O. = 142, Pb,(PO,), = 811); 
the weight of lead molybdate formed at the same time 
should be 0*01128 x 24 x 367*1/142 = 0*699 gm. (PbMoO, 
= 367*1). The total weight of the precipitate should 
therefore be 0*0644 + 0*699 = 0*7634 gm. The weights 
of the precipitates of lead phosphate and lead molybdate 
actually obtained are given in the following table:— 

Table V. 


Weight e of lead photphate and lead molybdate equivalent to 11-28 mg. 

o/P t O t . 


Phoaphomolybdate 

Weight of Lead Salta from 


precipitate. 

Portion A. 

Portion B. 

Mean of Two Begultn 

27 

0 % 8075 gm. 

0*8048 gm 

0*8062 gin. 

28 

0-8048 „ 

0-8049 „ 

0*8049 „ 

29 

0-8085 „ 

0*8050 n 

0*8067 „ 

30 

0-8118 „ 

0*8095 „ 

0*8107 


The mean weight for the whole series is 0*8071 gm. If 
0*0644 gm., the weight of the lead phosphate formed, be 
subtracted from this we get 0*7427 gm. instead of 0*699 gm. 
as the weight of the lead molybdate formed. This number 
is 6*25% in excess of that required by the formula of 
ammonium phosphomolybdate used by Neumann, and 
instead of (NH«)*.PO«.12 MoO».2 HNO, would give us 
(NH«)«.PO».12*75 MoO,.2HNO,. This result is not far from 
that of Hissink and van der Waerden mentioned above; they 
found the molecular proportion of MoO. to be 12*65. 
Assuming the excess of molybdenum to be present as molyb- 
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date, each formula weight of the preoipitate containing 
the proportion of molybdenum found in the present case 
should require for its neutralisation 29*5 mols of NaOH 
instead of 28 as assumed by Neumann, so that the results 
calculated by means of Neumann’s factor would be (29*5/28 
-1) 100 = 5*2% too high. This excess of molybdenum is 
therefore sufficient to account for the high results shown 
in Table IV. The error of these results is + 4% + 1*3%. 

Influence of some conditions on the Error. 

The influence of the following conditions upon the error 
of the results obtained in the estimation of phosphorus by 
Neumann’s method have been observed 

1. Amount of phosphate estimated. 

2. Bate of addition of precipitant. 

3. Length of time between precipitation and filtration. 

4. Temperature of precipitation. 

1. Amount of Phosphate estimated .—Forty cc. of 10% 
ammonium molybdate solution are stated by Neumann to 
be a suitable amount for the precipitation of any quantity 
of PfO ( between two or three milligrammes and sixty 
milligrammes. As, however, errors had already been 
encountered in the use of Neumann’s method, three series 
of estimations were performed on different amounts of 
standard phosphate solution to ascertain whether these 
errors remained about the same size or depended upon the 
amount of phosphate precipitated. The proportions of the 
reagents used for the precipitation were those given pre¬ 
viously; the amounts of sodium hydroxide used to dissolve 
the precipitates were, of course, inoreased in proportion to 
the amount of phosphate present, but the procedure was 
otherwise as described above. The following are the results 
obtained:— 
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Table VI. 


Influence of amount of phoephate estimated on error of Neumann'$ 

method. 


Estimation. 

P t O, present. 

I\O g found. 

Percentage ! 
Error. 

Deviation 
from Mean. 

31 


51*0 mg. | 

-f 14*3 

+ 0*6 mg. 

32 


50-3 „ | 

12-7 

-0-1 „ 

33 

44*5 mg. 

50-0 „ 

12*1 

-04 „ 

34 


49-9 „ 

11*9 

-0-5 M 

Mean 


50-4 „ 

13-2 


12 


23-0 „ 

+ 3-4 

0-0 „ 

13 


23-2 „ 

3-8 

+ 0-2 „ 

14 

22-3 mg. 

22-8 „ 

2-2 

-02 „ 

15 


23-1 

3-6 

+o-i „ 

Mean 


23-0 

3*4 


35 


j 11*4 „ 

+ 0-9 

-01 „ 

36 


117 „ 

+ 3-5 

+ 0*2 „ 

37 

11-25 mg. 

1 11*7 

+■ 3*5 

+ 0-2 „ 

38 


j 11*8 „ 

-0*9 

-0-3 „ 

Mean 


11*5 

+ 1-8 



These results show that the error increased rapidly with 
the amount of phosphate estimated. For 44’5 mg. of P a O» 
the average error is 13*2%, for 22*3 mg. it is 3*4%, for 
11*25 mg. it is 1*8%. The results for 11*25 mg. of P.O. are 
peculiar as among them there is one with a negative error. 
The percentage error of these results shows a considerable 
variation, but the actual differences of the results from the 
mean value show that the absolute error is no greater than 
those shown by the other series of estimations. 

2. Bate on addition of Precipitant .—The rate of addition 
of the precipitant is stated by Baxter and Griffin and by 
Artman to exert a marked influence on the excess of 
molybdenum carried down by the precipitate of ammonium 
phosphomolybdate; rapid addition of the ammonium molyb¬ 
date leads to the appearance of a precipitate containing 
more molybdenum than is present in the precipitate formed 
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by the slow addition of the ammonium molybdate. This 
effect is ascribed to the occurrence of local excess of the 
reagent when the latter is added quickly. The following 
are the results obtained when two, three, five, and ten 
minutes were the respective times taken to add the pre¬ 
cipitant to the phosphate solution. The solution was 
thoroughly shaken while the precipitant was being added. 

Table VII. 


Influence of rato of addition of proeipitant on error. 


Estimation. 

Precipitant 
added in. 

P t O B found. 

P.O. present. 

Error, 
per cent. 

39 

10 min. 

22*8 mg. 


+ 1-2 

40 

5 ,, 

23-8 „ 


5-8 

41 

3 

23-8 „ 

22*5 mg. 

5-8 

42 

2 ” . 

23-2 „ 


30 


poured in 

23-6 „ 

1 

50 


As long as the time taken to add the precipitant remains 
less than five minutes, therefore, no certain diminution of 
the positive error is observed. When the precipitant is 
added, in ten minutes, there is a considerable diminution of 
the error, but as the solution has by this time cooled down 
about 20* O., this diminution is due to incomplete precipita¬ 
tion and not to any decrease in the excess of molybdenum 
due to the slow addition of the ammonium molybdate (vide 
infra). 

3. Length of time between filtration and precipitation. 
—Baxter and Griffin concluded from their experiments 
that the excess of molybdenum in the precipitate of am¬ 
monium phosphomolybdate obtained by them was due to 
the occlusion of a mixture of ammonium molybdate and 
roolybdio acid, and showed that this occlusion apparently 
took place in two stages, (1) during the precipitation, (2) 
while the precipitate, already formed, lay in contact with 
the mother liquor. They therefore advise that the precipi¬ 
tate be filtered off as soon as is compatible with complete 




ACOURACY OF NEUMANNS METHOD. 


91 


precipitation. In Neumann's method the length of time 
for which the precipitate of ammonium phosphomolybdate 
remains in contact with the mother liquor is not long, about 
thirty minutes, so, as will be seen from the following 
experiments, this factor is not likely to be the source of 
any considerable error. Two pairs of phosphate estimations 
were carried out by Neumann’s method on 20 cc. portions 
of standard phosphate solution, the precipitates in one case 
being filtered off after having stood under the mother liquor 
for twenty minutes, in the other case being left in contact 
with the mother liquor for three days. The following are 
the results obtained:— 

Table VIII. 


Influence of length of time between precipitation and filtration on error. 


Estimation. 

Stood for 

P a 0 5 found. 

P a O # present. 

Error, 
per cent. 

33 

20 min. 

50*0 mg. 


+12*1 

34 

20 „ 

49'9 „ 

| 44*6 mg, 

11*9 

31 

3 days 

51-0 „ 

1 

14*3 

32 

3 „ 

50-3 „ 

1 

12*7 


The increase in the error of the results given by the pre¬ 
cipitates which have stood the longer time in contact with 
the mother liquor is within the experimental variations to 
which the method is subject, so that, contrary to what 
Baxter and Griffin found in their case, here variations in 
the length of time of contact between precipitate and 
mother liquor do not affect the composition of the precipi¬ 
tate. 

4. Temperature of precipitation .—Baxter states that 
the temperature of precipitation has an important influence 
on the excess of molybdenum carried down by the precipitate 
of ammonium phosphomolybdate. When the precipitation 
occurred at room temperature, Baxter found an excess of 
about 1% of molybdenum in the precipitate; in the pre- 
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cipitate obtained at 50* -60° 0. the exoess of molybdenum 
was about twice as great. Ohesneau also calls attention 
to the effect of temperature on the composition of this pre. 
cipitate. He states that above 65°—70*0. ammonium 
tetramolybdate—(NH,),0.4MoO»—is formed inasolution 
of ammonium molybdate, and that it is this substance which 
is carried down by the precipitate of ammonium phospho- 
molybdate. Many other authors state that at high tern* 
peratures molybdic acid is thrown down from solutions of 
ammonium molybdate, and that the precipitate of ammo* 
nium phosphomolybdate formed is contaminated with this. 
Precipitation at as low a temperature as possible is there¬ 
fore generally advised. With the proportions of the reagents 
used by Neumann, however, it was not found possible to 
bring about precipitation within reasonable time at low 
temperatures. When the solutions were kept at room 
temperature no sign of precipitation appeared even after 
standing for two days. When the reagents were mixed at 
40° 0. and maintained at this temperature, only partial 
precipitation had occurred after four hours. Even at 60° 
- 70° O. the precipitation was by no means complete in 
half an hour. It was therefore found necessary, in order 
to ensure complete precipitation, to adhere to the tem¬ 
perature of precipitation set down by Neumann. 

Summary. 

1. The values obtained in the estimation of phosphate by 
Neumann’s method were always high, the error increasing 
with the amount of phosphate estimated. For 22 mg. of 
P,0» the mean error was + 4%. 

2. The source of this error is an excess of molybdenum 
carried down in the precipitate of ammonium phospho¬ 
molybdate. 

3. The error does not depend on the rate of addition of 
the precipitant. 
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4. The error is independent of the time of contact between 
the precipitate and the mother liquor. 

5. The error cannot be reduced by lowering the temper¬ 
ature of precipitation, as this leads to incomplete precipi¬ 
tation. 

In conclusion I wish to express my thanks to Professor 
Anderson Stuart, in whose laboratory this work was done, 
and to Assistant-Professor Ohapman for his advice and 
encouragement. 
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On the NATURE of the DEPOSIT obtained from MILK 
BY SPINNING in A CENTRIFUGE. 

(Preliminary Communication.) 

By H. S. Halcro Wardlaw, b.s«.. 

Science Research Scholar of the University of Sydney. 
(From the Physiological Laboratory of the University of Sydney.) 

[Read before the Royal Society of N. S. Wales , July 1, 1914.] 

When milk is kept in a sterile condition for long periods 
of time (several years), a white deposit is observed to 
collect on the bottom of the containing vessel. Salkowski 
(1900) regards the deposit so obtained as precipitated 
caseinogen, while LangloiB (1913) considers it to be tri¬ 
calcium phosphate. Preti (1907) has determined the ash, 
calcium, and phosphorus of the deposit obtained in this 
way,and found 32*11% ash, 10*7% calcium, 4*33% phosphorus, 
and on the basis of these results regards the deposit as a 
mixture of tricalcium phosphate and a calcium compound 
of caseinogen. Neither Salkowski nor Preti came to a 
conclusion as to whether the appearance of this deposit 
was due to purely physical phenomena, whether it was due 
simply to the action of gravity on suspended matter in 
milk, or whether it was due to traces of rennin, or to the 
occurrence of slow chemical changes. 

When milk is spun in a centrifuge, Barthel(1910) observed 
that a deposit similar to the above is obtained in the 
centrifuge tubes; he considers the deposit to be a mixture 
of calcium phosphate and casinogen. In this case, as the 
time required to obtain the deposit is quite short, the action 
of traces of rennin or of slow chemical changes is practi- 
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cally excluded, and the deposition must be due entirely to 
the action of centrifugal force on suspended matter in the 
milk. Indeed, 1 have observed that, if the spinning be 
continued long enough, part of the milk may be almost 
freed from suspended matter, and a zone of clear greenish- 
yellow milk plasma makes its appearance below the layer 
of fat on the surface. See also Lachs and Friedenthal 
(1911). 

Filtration of milk through porcelain also separates the 
suspended matter from it, the porcelain allowing through 
only a clear filtrate. A doubt exists, however, as to 
whether a purely physical separation is affected in this 
way (Raudnitz, 1903). Porcelain has been shown by 
Hermann (1881) to possess the power of precipitating 
caseinogen from milk, and almost as clear a filtrate is 
obtained by stirring milk with powdered porcelain and then 
filtering as by forcing it through the pores of a Chamber- 
land filter-candle. 

In spinning milk in the centrifuge, on the other hand wo 
have a purely physical means of separating some of the 
suspended matter from it, a means which will only separate 
substances which already exist in suspension in the milk. 
Very few data with regard to the character and mode of 
deposition of the substance obtained from milk in this way 
appear to be available, although a study of this substance 
is likely to give some definite information as to the physical 
state and chemical composition of the compounds existing 
in suspension in milk. Alson (1908) isolated what he con¬ 
sidered to be a new protein from this deposit. 

The present communication is an account of the pre¬ 
liminary examination of the deposit obtained from milk by 
spinning it in a centrifuge. The following points have been 
dealt with:— 
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1. Effect of removal of the deposit oq the superfluid. 

2. Bate of deposition. 

3. Ash of the deposit; its variation with the time of 

spinning. 

4. Amount of calcium and phosphorus in the ash of the 

deposit. 

5. Amount of nitrogenous and non-nitrogenous organic 

matter in the deposit. 

6. Solubility of the deposit in water. 

1. Effect of removal of the deposit on the snperflnid. 

Moore and Roaf (1908) have obtained results which 
indicate that electrolytes in solution may become associ¬ 
ated with a colloid present in such a way that, although ' 
their effect on the freezing point of the solution is not 
altered, their conductivity is very considerably reduced, 
and they are withdrawn from the solution when the colloid 
is removed. It was thought, therefore, that some such 
effect might be observable in the present case, and that 
the removal of suspended colloidal substance from the milk 
might also mean the removal of some dissolved matter. A 
series of determinations of the freezing point was there¬ 
fore made on milks before and after the removal of different 
amounts of suspended matter. These determinations of 
the freezing point were made in a glass vessel without an 
air mantle. The tube containing the liquid to be frozen 
dipped directly into a cooling bath of ice and salt at a 
temperature of —2* to -3° 0. (not lower), both the bath 
and the liquid to be frozen being kept thoroughly stirred. 
In this way a determination of the freezing point could be 
made in less than ten minutes and the agreement between 
separate determinations on the same liquid was satis¬ 
factory, as the following figures show;— 



NATURE OP DEPOSIT OBTAINED PROM MILK. 


155 


Freeing points of water and of milk. 


Liquid. 

Experiment. 

Freezing Poinfc.j 

Supercooling. 

Bath temp. 

Water 

1 

2*700 

1*2 

- 2*5° O. 


2 

2*700 

1*1 

2*5 


3 

2*701 

0*5 

2*5 

Milk 

1 

3*252 

20 

- 3*0 


2 

3*251 

2*0 

3*0 


3 

3*251 

2*0 

3*0 


The absence of the air-jacket thus does not affect the 
precision with which the freezing point can be determined. 

The following are the results obtained on milks from 
which different amounts of suspended matter had been 
removed:— 

Table I. 


Effect of removal of suspended matter on freezing point of milk . 


Milk. 

Weight of 
Deposit. 

Freezing 

Point. 

1 

Zero. 

Depression. 

Acidity. 

31 

... 


3-211 

2-669 | 

0*642 

• • • 


00545 

gm. 

3-212 

1 

0-543 



00936 


3*216 


0-547 



0-1138 

>> 

3-220 


0-551 

... 

32 



3*224 

2*669 

0*555 

19*6 


00544 

>> 

3-226 


0*557 



0-0830 


3-266 


0*557 

19*4 

33 



3-221 

2-669 

0-552 

19-4 


00224 

» 

3-222 

| 

0-5.53 



0-0487 


3-219 

I 

0-550 



0-0940 

i) 

3-222 

| 

0-553 



0-1030 

1 

n 

3-227 


0-558 

19-6 

34 



3-251 

2*700 

0-651 

19-2 


0-0688 

>i 

3-241 


0-541 



00598 

if 

3-249 


0-549 



0-0766 

if 

3-247 


0-547 



0-1016 

»» 

3-250 


0-550 

20-2 
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From these figures It will be seen that there is no definite 
diminution in the depression of the freezing point after the 
removal of various amounts of suspended matter from milk, 
indeed there seems to be a tendency for the depression of 
the freezing point to increase eventually. Any effect due 
to the removal of adsorbed electrolytes in the deposit is 
therefore within the experimental error in the present 
case. 

It was thought that the tendency for the depression of 
the freezing point to increase might be due to an increase 
in the number of particles present in solution brought about 
by the souring of the milk, by the breaking down of lactose 
into lactic acid. The splitting of lactose takes place in 
two main stages, (1) it is hydrolysed by lactase into glucose 
and galactose, (2) the hexoseu thus formed are converted 
into lactic acid. Each molecule of iiexoso gives rise to two 
molecules of lactic acid, so that in all four molecules of 
lactic acid may be derived from one molecule of lactose. 
These reactions are represented by the following empirical 


equations:— 

(1) 

OlaHwOn 

— 2 OfsHi 2 Ort 


(lactose) 

(glucose and galactose) 

(2) 

2 OeHiaOa 

= 4 CsHeOa 


(hexose) 

(lactic acid) 


Milk is approximately a 5% or 0*15 N solution of lactose. 
If the increase of the acidity of milk during souring be due 
to the formation of lactic acid, then each extra cubic 
centimetre of N/10 alkali required to neutralise 100 cc. of 
milk after the onset of souring will correspond to the split¬ 
ting up of 0*0001 x 100/(0*015 x 4) = 0*17% of the lactose 
present. The value of the depression of the freezing point 
for milk ( — 0*55° O.) shows it to contain a number of 
dissolved particles equal to that in a 0*3 N solution. We 
have just seen, however, that milk is a 0*15 N solution of 
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lactose, the value of the depression of the freezing point 
for the concentration of lactose in milk is therefore - 0*225”. 
When 0*17% of the lactose in milk breaks up into lactic 
acid the number of particles in solution is increased by 
three times that amount (neglecting the ionisation of the 
lactic acid) since for each molecule of lactose which dis¬ 
appears, four molecules of lactic acid are formed. The 
breaking up of this fraction of the lactose should therefore 
cause an increase of the depression of the freezing point 
due to this substance of 0*51%, that is, from 0*225° to 
—0*2263”. Each additional cc. of N/10 alkali required to 
neutralise 100 cc. of milk undergoing souring should there¬ 
fore correspond to an increase of the depression of the 
freezing point of 0*0013°. This value is a maximal figure, 
as in calculating it we have assumed that the whole of the 
lactose which breaks up forms lactic acid, actually, how¬ 
ever, some of the lactose breaks up in other ways. 

The acidities of samples of the milks being spun in the 
centrifuge were therefore determined at the beginning and 
at the end of the spinning to ascertain whether the ten¬ 
dency of the depression of the freezing point to increase 
might be attributed to an increase of the acidity of the 
milk. The samples for the determination of the acidity 
were kept under the same conditions as those being spun 
in the centrifuge. The acidities were determined by titra¬ 
ting 25 cc. of the undiluted milk, containing 2 cc. of 0*5% 
phenolphthalein as indicator, with N/10 NaOII to the first 
distinct pink colouration. The acidities shown in the 
table are expressed as the number of cc. of N/10 alkali 
required to neutralise 100 cc. of milk. The greatest increase 
of acidity occurring during the course of the spinning is 
seen to be 1 cc. of N/10 alkali in 100 cc. of milk, and as 
this corresponds to an increase of ouly 0*0013° in the lower¬ 
ing of the freezing point it may be said that the alteration 
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of the freezing point of the milk due to the splitting up of 
lactose is negligible in the present case. 

The effect of the removal of different amounts of suspended 
matter from milk by spinning in the centrifuge on the 
aridity of the liquid remaining has also been determined. 

Table II. 


Effect of removal of varying amountt of suspended matter on the acidity 
of the remaining milk. 


Milk. 

Time Spun. 

Acidity. 

44 

... 

17*6 


1 hour 

16-95 


2 „ 

17-26 


3 n 

16*95 

45 


18*4 


1 hour 

17*45 


2 „ 

17-9 


3 „ 

18*1 


The amount of substance removed from the milk by 
spinning lor periods up to three hours (about 0*1 gm.) has 
therefore very little effect on the acidity of the milk. The 
amount of substance removed from the milk in this time 
is about 1/14 of the solids not fat of milk. Removal of the 
whole of the suspended matter of milk by filtration through 
porcelain has been shown by Professor Chapman (1908) to 
reduce the acidity of milk to one-third of its original value* 

3. Bate of Deposition. 

The milk was spun in the present experiments at 2000 
revolutions per minute in flat-bottomed cylindrical glass 
tubes 14 cm. deep and containing 100 cc. The distance of 
the bottom of the centrifuge tubes from the axis of the 
centrifuge was 22 cm. The deposit forms a fairly coherent 
layer on the bottom of the vessel, from which the super¬ 
fluid can be poured off without disturbing the deposit. The 
weight of a deposit was determined by transferring it to a 
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porcelain dish with water, evaporating to dryness over a 
water bath, and drying to minimal weight in an air oven 
at 100° 0. It was not found possible to get the deposits 
to constant weight, as the weight after decreasing for a 
time then began to increase. The heating was therefore 
continued until this increase of weight began, the minimal 
weight being taken as the weight of the dry deposit. Even 
at the temperature of the water bath these deposits became 
quite brown. The following table shows the weights 
of deposit obtained after spinning the milk for various 
periods and the rate of accumulation of the deposit over 
these periods. The rate of deposition is expressed' in 
milligrams per minute per 100 cc. of milk. 


Table III .—Rate of Accumulation etc. of Deposit from Milk. 


Milk. 

Volume. 

Time Spun. 

Weight of 
Deposit. 

Increment. 

Bate of 
Deposition. 

19 

400 cc. 

30 min. 

0*2568 gin. 

... 

2-140 



120 

0-6975 „ 

0*4407 gm. 

1-224 



180 „ 

10125 „ 

0*3150 „ 

1*321 



210 „ 

1-1900 „ 

0-1775 „ 

1*521 

22 

400 cc. 

60 min. 

0-2700 gm. 


1*125 



135 ,, 

0-5208 „ 

0*2508 gm. 

0*838 



195 „ 

0-7259 „ 

0*2051 „ 

0*854 



225 „ 

0-9015 „ 

0 1756 „ 

1*462 

23 

400 cc. 

60 min. 

0-2933 gm. 


1*222 



150 „ 

0-5787 „ 

0-2854 gm. 

0*792 



210 „ 

0-7942 „ 

0-2155 „ 

0*898 



270 „ 

1-0162 „ 

0-2670 „ 

1-026 

24 

300 cc. 

60 min. 

0-2642 gm. 

... 

1-468 



120 „ 

0-4264 „ 

0-1604 gm. 

0*892 



180 „ 

0-5791 „ 

0-1555 „ 

0*859 



240 „ 

0-7432 „ 

0-1632 „ 

0*907 


This table shows that there are considerable variations 
in the rates at which the deposits fall in different milks. 
Other factors being equal, this points to a difference in the 
size of the suspended particles in different milks. It will 



160 


H. 8. B. WABDIAW. 


also be seen that the first portion of the deposit comes 
down at a rate a good deal greater than that of the succeed¬ 
ing portion. The rate of deposition decreases to a minimum 
and then begins to rise again during the course of about 
four hours’ spinning. In one case the final rate of depo¬ 
sition was even greater than the first rate of deposition, 
but as a rule the rate of deposition, after passing through 
the minimum, did not rise as high as the first rate in the 
time for which the spinning was continued; it might do so 
if the spinning were continued longer. There is a variation 
in the ash-content of the deposit in the opposite direction 
to the variation in the rate of deposition (see below). 

3. Ash-content of the Deposit. 

The ash of the deposits obtained from milk as described 
above varies somewhat from one milk to another. The 
ashing was performed in a muffle furnaoe; the rear only of 
the muffle was heated, the porcelain dish containing the 
deposits being gradually moved from the mouth of the muffle 
to the hotter parts. As the deposit formed a thin layer on 
the bottom of the dish, the ashing was very rapid and com¬ 
plete. The following table gives the ash-contents of a series 
of these deposits. 

Table IV.— Aah-eontent of Centrifuge-depotit from Milk. 


Milk. 

Weight of Deposit. 

Weight of Ash. 

Percentage of Ash. 

4 

0-4457 gm. 

0*0310 gm. 

6-94 

6 

1-4041 „ 

0-1001 „ 

7-13 

9 

0-6275 „ 

0-0618 

9-85 

10 

0-5304 ., 


812 

12 

mmmm 

0-1157 „ 

7-89 

13 

mmwm 


8-65 

15 

0-5594 „ 


8-09 

17 



8-32 

22 



8-65 

35 



8-70 

37 

0-1084 „ 

0-0107 

9-87 

38 

0-1286 


9-48 

39 



8-97 

41 

0-3634 „ 

0 0247 

6-80 

42 



7-04 
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It will be seen from the preceding table that there is con¬ 
siderable variation in the ash-content of these deposits. 
The extreme values for the percentage of ash in the deposits 
being 6‘80% and 9‘87%. As will be seen below this varia¬ 
tion is to be attributed in part to differences in the times 
for which the milks were spun to obtain the deposits. 

Variation of ash-content of deposits with time of spin¬ 
ning .—Not only are there differences between the ash- 
contents of the deposits from different milks, but deposits 
from the same milk show different percentages of ash accord¬ 
ing to the time for which the milk is spun before collecting 
the deposit. Samples of deposit after various periods of 
spinning were got by stopping the centrifuge at the appro¬ 
priate times, pouring the superfluid off the deposit into a 
clean tube, and putting this on to spin again to obtain the 
deposit corresponding to that coming down at the later 
period. The following table shows the variation of the 
percentage of ash of the deposit with the length of time 
for which the milk is spun. 


TableV — Variation of percentage of ash of deposit with time of spinning• 


Milk. 

Period. 

Wt. of Deposit. 

Weight of Ash. 

Percentage Ash. 

19 

30 min. 

0*2568 gm. 

0 0177 gm. 

6*89 


120 „ 

0*4407 „ 

0*0349 „ 

7*92 


180 „ 

0-3150 „ 

00230 „ 

7-30 


210 „ 

0-1775 „ 

0-0108 „ 

6*08 

22 

60 „ 

0-2700 „ 

0-0231 „ 

6-24 


135 „ 

0-2508 „ 

00203 „ 

8-09 


195 „ 

0-2051 „ 

0-0153 „ 

7-46 


225 „ 

0-1756 „ 

0-0115 ;, 

6*55 

23 

60 „ 

0-2933 „ 

0-0250 „ 

6-36 


150 „ 

0-2854 „ 

0-0200 „ 

7-71 


195 „ 

0-2051 „ 

0-0183 „ 

8*49 


270 „ 

0-2670 „ 

0-0227 „ 

8*50 

24 

60 „ 

0-2642 „ 

0-0220 „ 

8*32 


120 „ 

0-1604 „ 

0-0137 „ 

8*54 


180 „ 

0-1545 „ 

0-0117 „ 

7*57 


210 „ 

0-1632 „ 

0-0130 „ 

7*97 
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From this table we see that the ash-content of the first 
portion of the deposit is always lower than that of the 
following portion. The ash-content then tends to decrease 
again, although in one case there is a continuous increase. 
We may therefore say that the ash-content of the deposit 
varies roughly inversely as its rate of deposition. The 
accompanying curves have been plotted from the means of 
the results shown in Tables III and V. Curve A has been 
obtained by plotting time as abscissa and rate of deposition 
as ordinate. In curve £ time is the abscissa and percentage 
of ash of the deposit the ordinate. The curves show clearly 
the inverse relationship between ash and rate of deposition. 





+eb 


\'QQ _ I 

Time in Minutes. 

Curves showing variation with Time of Spinning, (A.) of Bate of 
Deposition, in mg. per minute per 100 cc. of milk, (B) of Peoentage of 
Ash in Deposit. 

The general form of the curves seems to point to the 
existence in milk of at least three different substances in 
suspension: (1) A substance of lower ash-content which 
comes down first. (2) A substance of higher ash-content 
which comes down second. (3) A substance of lower ash- 
content again which comes down third. There are slight 
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Indications that there may be another substance of higher 
ash-content yet whioh comes down after this. The data 
are as yet, however, not sufficient to admit of any definite 
inference being drawn from them. 

4. Amount of Calcium and Phosphorus in the Deposit. 

Methods of Analysis .—The dried deposits were ashed in 
a muffle as described, the ash was dissolved in dilute hydro¬ 
chloric acid, and the OaO was estimated in this solution. 
The P»0« was estimated in the filtrate and washings from 
the OaO estimation. The method used for the estimation 
of calcium was that developed by McOrudden (1911) for 
dealing with organic ashes, in which calcium, magnesium, 
iron, a.nd phosphorus are present together. In the case of 
a small quantity of calcium such as we are dealing with 
here, the procedure is as follows:—The acid solution of the 
ash is diluted to 100 cc., made just alkaline with ammonia 
(a precipitate of calcium phosphate forms), then made just 
acid again with hydrochloric acid (the precipitate redis- 
solves),and ten drops moreof concentrated hydrochloric acid 
are added. Ten cc. of a 2*5% solution of oxalic acid are 
then added, and finally 8 cc. of a 20% solution of sodium 
acetate. The solution is either allowed to stand over night 
before filtering, or shaken vigorously in a stoppered vessel 
for ten minutes. The precipitate is then washed free from 
chloride in the usual way, and ignited to OaO, in which 
form it is weighed. In the present case the precipitates 
were ignited by placing them with the filters while still 
wet in the crucibles and introducing directly into a glowing 
muffle. The water in the crucible almost at once assumes 
the spheroidal condition, and the drying and ignition proceed 
quietly; there is no spluttering nor danger of breaking the 
porcelain crucible. 

P.O, was determined in the filtrate and washings from 
the above estimation. These were made just alkaline with 
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ammonia, and 2—4 cc. of magnesia mixture were added 
drop by drop, with oonstant stirring. After about half an 
hour one-third the volume of the solution of strong ammonia 
was added and the solution allowed to stand over night. 
The precipitate was washed free from chlorides with 1: 3 
ammonia in the usual way and ignited moist as described 
above, to Mg.PaO,, in which form it was weighed. The 
ignited precipitates obtained in this way are often not 
white, but grey. The following estimations on a standard 
phosphate solution show, however, that the accuracy of 
the determination is not impaired by this. The standard 
solution of phosphate contained 3*3 gm. of microcosmio salt 
per litre and was standardised by evaporating a known 
volume to dryness, igniting, and weighing the sodium 
metaphosphate formed. 


Volume of 
Solution. 

Weight of 
NaP0 3 

Weight of 
Mg.P.O, 

Weight of 
P.O. 

Weight of 
P tt O tt in 20 cc. 

40 cc. 
40 it 

0-0349 gm. 
0-0361 „ 


0-0484 gm. 
0-0487 „ 

0 02420 gm. 
0-02435 „ 

30 „ 

30 „ 

30 „ 


0-0574 gm. 
0-0571 „ 
0-0576 „ 

0-0366 „ 
0-0364 „ 
0-0367 „ 

0-02436 „ 
0-02426 „ 

0 02440 „ 


The amounts of P«0. calculated from the weights of 
Mg«P,O r thus agree closely with those obtained from the 
weights of NaPO s . 

The following table gives the percentages of ash, OaO, 
and P„0. found in a series of the deposits obtained by 
spinning milk in a centrifuge. 

It will be seen that the deposits contain approximately 
equal weights of P a O» and of OaO. The average of the 
ratio P 3 0«/0a0 is 1*01. The percentages of these sub¬ 
stances found in the deposits vary from 3*2% to 4*7%. This 
variation is parallel to the variation in the ash content of 
the deposit, the ash Itself having a fairly constant compo- 
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Table VI. 


Percentages of Ash, P fl 0 g , and CaOin Deposits from Milk . 


Milk. 

Weight of 
Deposit. 

Weight 
of Ash. 

Percent 
of Aeh. 

Wfligbt of 

Weight of 
OaO 

Percent, 
j of P a 0 8 

Percent, 
of CaO 

4 

0-4457 

0-0310 

6-94 

0-0142 


3*185 


6 

1-4041 

0-1001 

7-13 

0-0423 

00444 

3*01 

316 

9 

0*6275 

0-0618 

9-85 

0-0286 

0*0294 

4*56 

4-68 

10 

0-5305 

0-0431 

8*12 

0-0192 

0-0194 

3*61 

3*68 

12 

1-6251 

0-1157 

7-59 

0-0549 

. . . 

3*34 

... 

13 

1 0551 

0*0913 

8*65 

0-0391 

. ., 

3*70 

... 

15 

0-5594 

0-0452 

809 

0*0202 


3*61 

... 

22 

0-9015 

0-0702 

7-68 

0-0288 

0*0274 

3-21 

3*04 

23 i 

1-0162 

0-0880 

8*29 

0-0383 

0*0349 

3-61 

3*29 


sition as is shown by the following figures giving the per¬ 
centages of P 2 O c and GaO calculated on the weight of ash 
instead of on the weight of the whole deposit. 

Table VII. 


Percentages of P^O^ and CaO in Ashes of Deposits 


Milk. | 

Percent. P,0 6 

Percent. CaO j 

l\O 0 /OaO 

4 

45*8 

i 

• • ■ 

6 

42-3 

4-44 

0-952 

9 

46*3 

4*76 

0*952 

10 

44*6 

4*50 

0-991 

12 

44*0 

... 

... 

13 

42-8 

... 

... 

16 

44-7 

... 

... 

22 

41-1 

39*0 

1*05 

23 

43*5 

39-7 

M0 


The average percentage of P fl 0 6 in the ash of the deposit 
is thus 43*9 and the average percentage of CaO is 43*1. 

As the above figures for CaO and PgCh were obtained 
from the ash of the deposit, there is a possibility that the 
values for P«0* may be low owing to the tendency of the 
phosphorus of organic compounds to volatilise during 
ignition. A comparison of the two following estimations 
shows, however, that the loss of phosphorus in the present 
ease is small. The first of these results was obtained on 
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the substance ashed In the muffle In the usual way; the 
second result was obtained after destroying the organic 
matter with concentrated nitric and sulphuric acids (Neu¬ 
mann’s (1602) acid-ashing process.) 


Deposit from Milk 61. 





Percent, of P t O B 

Dry ash 

0’2527 gm. 


3-68 

Acid “ash”... 

0 1970 „ 


SOI 


These figures show a loss of phosphorus of about 6% dur¬ 
ing the ignition. Tills value is not much greater than the 
experimental error on the estimation of such small quan¬ 
tities of phosphorus as had to be dealt with in these cases. 

5. Amount of Nitrogenous and Von-nitrogenous Organio 
Matter in the Deposit. 

The ash-content of the deposit obtained from milk by 
spinning it in a centrifuge shows that there is present about 
92% of material which disappears on ignition. The amounts 
of nitrogen in a series of these deposits have been deter¬ 
mined by the method of Kjeldahl. The following are the 
results obtained:— 

Table VIII. 

Nitrogm-conUnt of Deposit. 


Deposit, 

Percentage of Nitrogen. 

17 

11*9 

26 

10-7 

36 

10-95 

36 

11*96 

37 

12-05 


The average percentage of nitrogen in these deposits is 
therefore 11*5. This corresponds to a percentage of protein 
of 72*8 (taking the nitrogen-content of the protein as 15*8%). 
On being allowed to stand for a day or two in the moist 
state these deposits set to a firm clot and developed a 
“cheesy” smell. A flocculent precipitate was formed 
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when a little acetic acid was added to a suspension of the 
deposit in water. These facts indicate the presence of 
oaseinogen or its compounds. Two direct estimations of 
oaseinogen were carried out as follows:—The deposits were 
suspended in volumes of water equal to the volumes of milk 
from which they were obtained, and the oaseinogen was 
precipitated by the addition of one drop of 33% acetic acid 
to eaoh 10 cc. of the suspension. The precipitates obtained 
were separated from the superfluid in the centrifuge, and 
washed three times with a solution of acetic acid (1 drop 
of 33% acetic acid to 10 oc. of water). The precipitates 
were then collected on tared filters dried to constant 
weight in a glycerine oven at 103*, and weighed. The 
following are the results obtained:— 


Percentage of Cairinogen in Deposit. 


Deposit. 

Weight of Deposit. 

Weight of 
Oaseinogen. 

Percentage of 
Caseinogen. 

46 

0-0779 gm. 

0-0441 gin. 

56*6 

48 

0 0916 „ 

00631 „ 

57*9 


The greater part of the nitrogenous material of the 
deposit therefore consists of oaseinogen. The precipitates 
of oaseinogen were found to contain 2% of ash. 

On subtracting the mean of these two percentages from 
the total percentage of protein in the deposit, as calculated 
from the total nitrogen-content it is seen that there is 
present in the deposit about 16% of protein not caseinogen. 
This nitrogenous matter is possibly derived from the 
general cellular debris from the epithelia of the different 
parts of the mammary gland of the cow. Such material 
is always obtained in the deposit formed when milk is 
allowed to stand, even in the milk from perfectly healthy 
cows (Brnst, 1913). A microscopic examination of the 
deposits obtained from milk in the present case showed 
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that the portions coming down drst were very rieh in 
cellal&r material, consisting for the greater part of cells 
resembling leucooytes but derived from the epithelium of 
the mammary gland (Hewlett, Viilar and Revis, 1909; 
Ernst, 1913). 

Subtraction of the total protein of the deposit from the 
total organic material shows the presence of 19% of non* 
nitrogenous organic matter. The clear superfluid from the 
caseinogen precipitation showed a powerful reducing actidif* 
towards Fehling’s solution, indicating the presence of a 
reducing body (lactose?). The percentage of lactose iif.fche 
deposit was estimated by Pavy’s method, caseinogen being 
drat removed by precipitation with acetic acid, and the 
solution being boiled. In this way 16% of lactose was 
found to be present in the deposit. The Pavy’s solution 
was standardised against a standard solution of Merck’s 
lactose (0, t H»O n +H>0) of approximately the same reducing 
power as the solution of the deposit. 

Fat was tested for by allowing the deposit to stand under 
petroleum spirit for twenty-four hours, then pouring off the 
petroleum spirit and evaporating to dryness in.a weighed 
vessel. No residue was left after volatilisation of the spirit. 
Fat is therefore apparently not present in the deposit in 
weighable amount. The microscopic examination of the 
deposit showed the presence of a certain number of granules 
which stained with osmic acid and Sudan III. 

6. Solubility of the Deposit ia Water. 

When the deposit obtained from milk by spinning it in a , 
centrifuge is shaken up in a volume of water equal to that 
of the milk from which it was removed, a considerable 
portion of it goes into solution. The following table gives 
the amounts of the total deposit and of the potential ash 
which may be dissolved in this way. 
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Table IX. 

Solubility of Deposit and of Potential Ash in Water. 


unv 

Total | 

Tout j Soluble 

Ash. of 

Percent, of soluble 

JutiK. 

Deposit. 

A&h. j Deposit. 

Sol. Dep. 

Deposit 

Pot. Ash 

29 

0-3443 gm.;00297 gra.O- 1019 sw 

0 0268 gm. 

34-7 

90-3 

86 

0-2070 „ 

10*0180 „ ,0-0985 „ 

0-0095 „ 

47-5 

52-8 

37 

0 1084 „ 

10-0107 „ i0-0697 „ 

0 0087 „ 

64-2 

88-8 

38 

0-1286 „ 

;0-0122 „ ,0-0318 „ 

0 0087 „ 

24-7 

71-3 

39 

0-1339 „ 

0 0120 „ :0 0936 „ 

00111 „ 

69-9 

92-4 


By the term “ potential ash ” is meant that portion of 
the deposit which after ignition forms the actual ash. The 
term is used to avoid speaking of the inorganic matter of 
the deposit, as it is uncertain what portion of the substances 
which go to form the ash is originally in an organic form 
of combination; part of the phosphorus and calcium for 
example, is probably present in the deposit in an organic 
compound (calcium caseinogenate). 

The amount of the total deposit which goes into solution 
is seen to be very variable, ranging from 24*7 to 69*9%. 
The fraction of the potential ash which dissolves is greater 
still and varies from 52*8 to 92*4 %. The solubility of the 
potential ash of the deposit is in marked contrast to that 
of the actual ash. 


In the case of milk 29 the following figures were obtained: 

Total Asb. 1 

Soluble Potential Ash. 

Soluble Actual A eh. 

0-0297 

0-0268 (90-3%) 

0-0055 (18-5%) 


The nature of the combinations of the elements which 
go to form the ash is therefore completely changed by 
ignition. The fact that part of this deposit from milk is 
soluble in water is interesting as it shows that in addition 
to the presence in milk of substances or conditions which 
keep insoluble materials in a state of fine suspension and 
prevent their precipitation, there are also present sub¬ 
stances or conditions which keep soluble matter in a similar 
state. 
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Summary, 

1. The removal of suspended matter from milk by spin¬ 
ning in a oentrlfuge does not lower the freezing point of 
the milk. 

2. The rate of deposition of the suspended matter of 
milk in a centrifuge is not constant, first decreasing, then 
increasing. 

3. The amount of ash in the deposit shows a variation 
in the opposite direction to that of the rate of deposition, 
first increasing then decreasing; the average ash-content 
of the deposit is 8%. 

4. The pecentages of calcium and of phosphorus in the 
ash of the deposit are not subject to much variation; the 
average values are, OaO 43*1%, P*0« 43'9%. 

5. The nitrogen content of the deposit is also fairly con¬ 
stant; its average value Is H’5% (corresponding to 73% 
of protein). 

6. The deposit contains about 57% of caseinogen. 

7. No fat is present in the deposit. 

8. The deposit contains about 19% of non-nitrogenous 
organic matter (16% lactose ?). 

9. The average composition of the deposit is thus: ash, 
8%; caseinogen, 57%; other protein, 16%; lactose, 16%; 
other non-nitrogenous organic matter, 3%. 

10. A considerable portion (25-70%) of the deposit is 
soluble in water. The soluble portion contains the bulk 
(up to 90%) of the ash of the deposit. 

In conclusion I wish to express my indebtedness to 
Professor Sir T. Anderson Stuart, in whose laboratory this 
work was done, and to thank Assistant-Professor Ohapman 
for his advice and encouragement during the course of 
the work. 



NATURE OF DEPOSIT OBTAINED FBOU MILK. 


171 


References. 

Al 80 N, J. Biol. Chem., 5, 261, 1898. 

Babthrl, Methods used in the Examination of Milk and Dairy 
Products (translated by Goodwin), p. 13. Macmillan, London 
1910. 

Chapman, Proc. Linn Soc. N.S.W., 33, 436, 1908. 

Ernst, Milchhygieno fur Tierarzte, p. 27 ff. Ferdinand Enke, 
Stuttgart, 1913. 

Hermann, Arch. f. die ges. Physiol., 26, 442, 1881. 

Hewlett, Villar and Revis, J. of Hygiene, 9, 271, 1909. 

Lachs and Friedentdal, Biochera. Zeitschr., 32, 134, 1911. 
Lanqlois, Riohet’s Dictionnairo de Physiologie, Art. “Lait” 1913. 
MoCrudden, J. biol. Chem., 10, 187, 1911-12. 

Moors and Roaf, Biochem. J., 3, 55, 1908. 

Neumann, Zeitschr. f. physiol. Gliem., 37, lift, 1902. 

Prbti, Zeitschr. f. physiol. Chem., 53, 419, 1902. 

Raudnitz, Ergeb. d. Physiol., 2 (1), 307, 1903. 

Salkowski, Zeitschr. f. physiol. Chem., 31, 329, 1900. 




DIFFUSIBLE PHOSPHORUS OF COW’S MILK. 


253 


On tub DIFFUSIBLE PHOSPHORUS of OOW’8 MILK. 

By H. S. Halcro Wardlasv, b.Sc., 

Science Research Scholar of the University of Sydney. 
(From the Physiological Laboratory of the University of Sydney.) 

[Asad before the Royal 8ociety of N. 8. Wales, August 5,1914.] 

NumbRO us data are available concerning the total quanti¬ 
ties of the various elements which are present in milk. 
With regard to the forms of chemical combination and to 
the physical states in which these elements exist, however, 
our knowledge is much less complete. We know that milk 
contains substances both in solution and in suspension, but 
as to how the different elements are distributed between 
these states very few reliable data are to be found. 

The separation of the substances in suspension in milk 
from those in solution has been attempted in three chief 
ways:— 

1. By forcing milk through a filter made of some material 

having extremely fine pores, such as unglazed 
porcelain. A perfectly clear filtrate is obtained by 
this process. 

2. By spinning milk in a centrifuge. In this way portion 

of the suspended matter of milk is obtained as a 
deposit. 

3. By allowing the soluble portion of milk to dialyse 

away from the substances in suspension. 

Although the first method of separation has been known 
for many years, few statements as to proportions of the 
substances In milk which pass through a porcelain filter are 
to be found, and there are considerable discrepancies 
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between the corresponding figures given by different 
authors. Further, it has been objected that the passage of 
milk through porcelain may not simply effect a mechanical 
separation of the suspended from the dissolved matter of 
milk, but changes may be induced which bring about the 
precipitation of substances originally in solution (see 
Raudnitz, 1902). 

Witli regard to the method of separating the suspended 
matter from milk by spinning in a centrifuge, still less is 
known. Indeed, although it has been observed that a 
separation of some of the suspended matter of milk can be 
effected in this way, and one or two analyses of separator 
slime have been made (Fleischmann, 1901; Alson, 1908; 
Barthel, 1910), the only systematic attempt to determine 
the nature of the deposit obtained appears to be that of 
the present author (1914, 2). The investigations in this 
direction, however, have so far not thrown much light on 
the state of combination of the substances in solution and 
in suspension in milk beyond showing that calcium phos¬ 
phate does not exist in suspension in milk as is generally 
believed, or rather that it is not deposited when milk is 
spun in a centrifuge. More complete information will be 
obtainable in this way only when a more perfect separation 
of the suspended matter has been brought about. 

With regard to the separation of the suspended from the 
dissolved matter by means of dialysis, again very few data 
are available. When a body such as milk, in which there 
must exist a complex series of equilibria between dissolved 
and suspended substances, is allowed to dialyse against 
water, the effect is that of diluting the soluble constituents, 
which will dialyse out into the water. This dilution will 
disturb the equilibrium between dissolved and suspended 
matter, and may result in substances, originally in sus¬ 
pension, going into solution, just as a precipitate of an 
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“Insoluble” salt may be dissolved up if the concentrations 
of the ions with which it is in equilibrium be diminished. 
Hence, when a quantity of in ilk is dialysed against a 
large volume of water the substances obtained in the 
dialysate will include not only those substances which 
exist in a state of true solution or in a dialysable or 
diffusible condition in the unchanged milk, but also those 
substances in suspension which can be made to go into 
solution by diluting with water. How considerable the 
amount of these substances may be has already been shown 
by the present author (loc. cit.). The amounts of the sub¬ 
stances in milk which are dialysable under these conditions 
therefore give no idea as to the amounts of dialysable or 
diffusible substances in the unchanged milk, the substance 
secreted by the mammary gland. 

In this paper, those portions of the substances present 
in milk which can be made to dialyse into a large (unlimited) 
volume of water will be distinguished as the dialysable 
substances. Those substances which exist in unchanged 
milk in a dialysable or diffusible condition will be called 
the diffusible substances. 

To determine the amount of the diffusible substances of 
milk some means are required by which these may first be 
separated without disturbing the equilibria existing between 
them and the remaining constituents; the process of dialysis 
as ordinarily carried out gives no help. A distinct advance 
in the study of diffusible substances was made by Moore 
and Bigland (1011) when they employed the method of 
dialysis against known volumes of water. In this way the 
equilibria were displaced to a definite, althougii still un¬ 
known, extent. Another improvement in the study of 
diffusible substances was that introduced by Zuntz and 
Loewy (1804), and later employed by Bona and Michaelis 
(1000). In this method, which is known as the method of 
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compensatory dialysis , the solution in which the amount 
of a certain constituent in a diffusible condition is to be 
determined is dialysed, not against water, but against a 
second solution so made up as to contain in a diffusible 
condition all the constituents of the second solution except 
the one the amount of which is to be determined in such 
concentrations that only the constituent under observation 
will diffuse, all the other constituents being balanced or 
compensated by equal concentrations outside the membrane 
through which dialysis takes place. Apart from the fact 
that one would require to know a great deal about the 
solution being examined before such an outer liquid for the 
dialyser could be prepared, this balancing of all of the con¬ 
stituents of a solution but one does not at all mean that 
the natural equilibria wilt remain undisturbed. Returning 
to the analogy with the equilibrium between a salt and its 
ions, it is known that any alteration in tiie concentration 
of any one of the ions will bring about a re-adjustment of 
concentrations of the other substances present necessary 
to reach a state of equilibrium under the changed con¬ 
ditions. Thus, although in special cases it may be possible 
to prepare these compensating solutions, as Rona and 
Michaelis have shown, this method does not seem to possess 
a wide range of applicability. 

These authors, however, have employed another method 
for the examination of the diffusible substances of milk 
which reduces to a minimum all displacement of equilibria. 
This method is simply an extension of that of Moore and 
Bigland. The liquid under examination is allowed to dia¬ 
lyse against a known volume of water, but in this case the 
volume of the water is made very small in comparison with 
that of the milk (25 cc. of water to 1000 cc. of milk). The 
milk Is thus only slightly diluted and a much truer estimate 
of the diffusible substances may be formed. By this method, 
and by the method of compensatory dialysis, Rona and 
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Miohaelis have determined the amount of diffusible calcium 
In milk. 

This paper is an account of the application of the method 
of quantitative dialysis to the study of the diffusible phos¬ 
phorus of cow’s milk. A few determinations of the diffusible 
caloium have also been made. 

The Milk Used. 

The milk used for the ilrst experiment was ordinary mixed 
milk as supplied by a city milk-vendor. This milk is about 
twelve hours old before it reaches the consumer, and is 
generally pasteurised. Such milk was found quite unsuit¬ 
able for the present work as even the addition of toluol did 
not prevent its souring before the completion of the dialysis. 
The remaining experiments were made upon the milks of 
single cows. Each cow from which a sample of milk was 
taken, was milked directly into a vessel containing 10 cc. 
of toluol for each litre of milk collected. The access of 
bacteria is very much hindered in this way; milk collected 
as described keeps sweet for several days. The essential 
point here seems to be to prevent the entrance of bacteria, 
as it has been shown that although toluol kills organisms, 
such as yeasts, it has practically no effect on the rate of 
action of the enzymes produced by them (Harden, 1910). 
Toluol was chosen as the disinfectant as being a hydro¬ 
carbon and practically insoluble in water it did not seem 
likely to have any marked effect on the substances in an 
aqueous solution such as milk. Toluol does exert a solvent 
action on the fat of milk, however. 

The samples of milk were all collected at about 12 noon; 
the last milking of the same cow had occurred in each case 
at about 4 a.m. of the same day. The milk obtained was 
generally the first portion of the milking. 

The Dialyses. 

The dialysis of milk against water was allowed to take 
place through celloldin membranes. These membranes 
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were prepared in tbe form of sacs by covering the inside 
of a test-tube with a layer of a solution of ceiloidin and 
allowing the sol vent (alcohol-ether) to evaporate off. Before 
the ether and alcohol have completely disappeared from 
the layer of ceiloidin deposited in tiiis way in the test-tube, 
the latter should be filled with water and the remainder of 
the alcohol and ether dissolved out. Membranes prepared 
by allowing all the ether and alcohol to evaporate off in the 
air are very brittle. The sacs formed in this way do not 
adhere firmly to the inside of the test-tube, and with a 
little patience can oasily be coaxed away from the glass. 
These ceiloidin membranes, when prepared in the right way 
are transparent and flexible. They withstand a consider¬ 
able tensile stress but are very easily torn. If water be 
poured into the test-tube before enough of the solvent has 
evaporated from the ceiloidin, the membrane formed will 
be opalescent and will tear so easily as to be useless. A 
suitable solution for the preparation of these membranes 
consists of equal parts of ether and absolute alcohol cQn- 
taining 5% of ceiloidin (see Abel, Rowntree and Turner, 
1914). 

The dialysates obtained in these ceiloidin sacs are per¬ 
fectly clear when bacterial contamination is avoided. 
When a sac has once been used, however, it is rather 
difficult to clean properly inside, and the dialysate becomes 
infected and turbid in spite of the presence of toluol in the 
surrounding milk. In the later experiments this source of 
contamination was avoided by using a new diffusion sac 
for each dialysis. 

In carrying out the dialyses 25 cc. of water were put in 
the ceiloidin sac and the latter suspended in one litre of 
milk. It was found that no further change occurred in the 
concentrations of the substances which had diffused through 
into the water after the dialysis had continued for twenty 
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four hours. At the end of this time the molecular concen¬ 
trations of the dissolved substances on each side of the 
celloidin membrane were practically the same. The relative 
molecular concentrations of milk and its dialysates were 
determined by measuring the depressions of the freezing 
point of water (A) due to the substances in solution in 
these liquids* The following are the figures obtained. 


Values of A for spun milk, twenty-four hour dialymte } and forty-eight 
hour dialysate . 


Experiment. 

Spun milk. 

24-hr. DialysHte. 

48-hr. Dialysate. 

61 

0 561° 

0 580° 

0-576° 

62 

0*576 

0547 

0*533 

63 

0-569 

0*530 

I 0-526 

64 

0-560 

0*535 

0-639 


These results show that the values of A for milk from 
which the fat has been removed by spinning in a centrifuge 
(spun milk) and for the twenty-four hour and forty-eight 
hour dialysates agree to within about 5%, and that the 
freezing point of the dialysate does not alter its value once 
it has approximated to that of milk. When it is remem¬ 
bered that the diffusible part of the milk has been diluted 
to the extent of 2*5% it will be seen that a closer agree¬ 
ment between the freezing points of milk and its dialysates 
is hardly to be expected. An experiment in which the 
values of A for spun milk, dialysate and the milk in equi¬ 
librium with the dialysate were determined, gave the 
following results. 

Spun Milk. Dialysate. Outer Liquid. 

0-560° 0*542° 0*548° 

The values of A for the dialysate and the liquid in equi¬ 
librium with it thus agree very closely. 

It will be noticed that the freezing points of the dialy¬ 
sates have been compared, not with the milk with which 
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they were in equilibrium, but with the same milk freed from 
fat in the centrifuge. This was done because the freezing 
point of spun milk is more easily determined than that of 
the same milk still containing fat. It has already been 
shown (loo. cit.) that the freezing points of whole and spun 
milk are practioally the same. 

The milk on which all the work described in the present 
paper was done contained 1% of toluol as already stated. 
It was thought that the presence of the toluol might have 
some effect on the freezing point of the milk, but the follow¬ 
ing determinations of the value of A for spun milk (a) 
without toluol, (b) containing 5% of toluol, show that this 
is apparently not the case. 

Spun Milk Alone. Spun Milk -(- Toluol. 

0*552° 0*556° 

The effect of the toluol, if any, is thus small. 

All these determinations of freezing point were carried 
out in the manner previously described (loc. cit.). The 
agreement between the freezing points of the correspond¬ 
ing liquids is within the limit of accuracy of the method 
there set down. Each value of A given is the mean of at 
least three determinations having an extreme difference 
of not more than about 0’005\ 

During the course of a dialysis the volume of liquid put 
into the celloidin sac does not remain constant, but 
diminishes, as the following results show. 

Volume of liquid in celloidin $ac before and after completion of dialysis. 


Experiment. 

Original volume. 

Volume of dialyaate. 

55 

25 cc. 

18'6 cc. 

56 

i 

25 „ 

15*5 

58 

25 „ 

16-2 „ 


These figures were obtained for the dialysis of spun milk; 
they show the osmotic effect which occurs before the con- 
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centrations of the substances in solution have become the 
same on each side of the membrane. 

Hamits. 

Having demonstrated that the process of dialysis as 
carried out in the present investigation leads to a definite 
state of equilibrium between the substances on each side 
of the membrane of the dialyser, we may now enquire what 
concentrations of substances in the dialysate are in equi¬ 
librium with those in the milk. In this paper I shall deal 
only with the concentrations of calcium and phosphorus. 
The amounts of calcium (expressed as OaO) were deter¬ 
mined in addition to the amounts of phosphorus (expressed 
as PaO») only in the first few experiments. P s O s alone 
was determined in the later experiments as the length of 
time required for the analyses was so much increased when 
OaO was estimated as well, and as the amount of diffusible 
OaO in milk has already been determined by Rona and 
Michaelis (loc. cit.) by this method. 

For these estimations as a rule not more than 10 cc. of 
dialysate were available; in the case of milk, portions of 
20 cc. of spun milk were used, as the removal of the fat 
considerably reduces the amount of organic matter which 
has to be destroyed before proceeding to the actual estima¬ 
tion. The organic matter in the liquids under examination 
was destroyed, and the calcium and phosphorus oxidised by 
the acid-ashing process of Neumann (1002) as modified by 
Piimmer and Rayliss (1906), i.e., by oxidation with a mix¬ 
ture of concentrated nitric and sulphuric acids. 

Use of spun milk .—It has already been shown that the 
removal of the fat of milk by mechanical means does not 
alter the freezing point (Wardlaw, loc. cit.), that is, removes 
nothing from solution in the milk. This is no justification 
for concluding however, that the percentage of any par¬ 
ticular constituent such as OaO or P 2 O s is the same in spun 
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milk as in whole milk. We must therefore ascertain how 
the contents of phosphorus and calcium differ, if at all from 
those of whole milk before we can with strict justification 
deduce from a comparison of the amounts of these con¬ 
stituents in spun milk and in the dialysate of whole milk 
the proportions of them which exist in a diffusible condition 
in whole milk. 

When milk is spun long enough in a centrifuge (for over 
half an hour), the fat collects in a solid layer which may 
be easily removed from the top of the liquid. The liquid 
portion is therefore diminished by a volume equal to that 
of the fat or cream. The following measurements allow 
this diminution of volume to be calculated in percentages 
of the original volume of the milk. The milk was spun in 
cylindrical, flat-bottomed tubes; the volumes of the different 
portions of the milk were therefore proportional to the 
lengths of tube occupied by them. 


Diminution of volume of the liquid part of milk due to the removal of 
the fat or cream in a centrifuge. 


Milk. 

Total height 
in tube. 

| Length of 

1 liquid. 

Length of 
fat. 

| Diminution of 
volume. 

3 

13*0 cm. 

12*3 cm. 

0-7 cm. 

5-4% 

4 

12-7 „ 

12-0 „ 

0-7 „ | 

5-5 , 

C> 

13*3 „ 

12-6 „ 

07 „ j 

5'3 ,, 

mean 

... 

... 


5-4 „ 


It will thus be seen that if the fat or cream removed 
contain no OaO or PgO< the amounts of these in a given 
volume of milk will be increased to the extent of 5*4% by 
merely spinning in a centrifuge. As, however, cream con¬ 
tains a certain amount of ash, a direct determination of 
the ash, OaO and P 9 0 4 in the fat or cream removed from 
100 cc. of milk was made. The following results were 
obtained. 
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Amounts of ash, CaO and P, 0 b in the fat or cream of 100 cc. of milk. 

Ash. I CaO. P,0,. 

jm80gm. 0-0063 0*0046 

These quantities amount to 2*4% of the corresponding 
constituents of whole milk. 

The total result of the removal of the fat from milk in 
tills way is thus a “concentration” of the remaining con* 
stituents to the extent of 5*4% (the actual molar concen¬ 
tration of the substances in solution is not changed, v. s.), 
and the removal of 2*4% of the substances which go to form 
the ash. On the whole there is therefore a “gain” of these 
substances in a given volume of liquid equal to 3*0% (5*4 
- 2*4). 

Direct determinations of the amounts of P a O» in whole 
and spun milk were also made. These gave the following 
results:— 


Percentage increase of P,O b in milk due to the separation of the fat 
in a centrifuge. 


Milk. 

P a O s in 

100 cc. of 

Percentage 


Whole Milk. 

Spun Milk. 

increase. 

3 

0-210 gtn. 

0-217 gm. 

I 3-5 

4 

0-216 „ 

0*222 „ 

1 30 


These direct measurements thus lead to the same result 
as was deduced above. The accuracy with which phos¬ 
phorus could be estimated was not high enougli to allow of 
complete reliance being placed on results obtained by the 
direct method alone. 

We may now proceed to compare the amounts of OaO 
and P a O» in spun milk with those in the dialysates of whole 
milk, remembering that the values obtained for the first 
quantities must be diminished by 3*0% if strictly corres- 
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ponding figures are required. The correction is not large,’ 
and for comparative purposes need not be made. 

Amount of diffusible CaO .—The estimations of OaO were 
made by the method of Aron (1907) in which the Oa is pre¬ 
cipitated from the acid ash as OaS0 4 by the addition of 
alcohol. The figures below give the proportions of diffusible 
OaO found in three samples of milk. 


Percentage of CaO of milk in a diffusible condition. 


Milk. 

CaO in 100 cc. of 

Spun milk. | Dialysate. 

Percentage in 
dialysate. 

A 

B 

j 24-hour. 

48-hour. 

24-hour. 

48-hour. 

65 

0-180 

0-166 

j 0-061 

... 

36-3 

. • • 

56 

0-164 

0-153 

; oo6i 

... 

38-3 

... 

58 

0-280 

1 

1 0-086 

0-077 

30-8 

27-4 


The agreement between the duplicate analyses is not 
good, but the results show that roundly 30 — 40% of the 
calcium of milk is present in a diffusible state. These 
figures are rather lower than those given by Rona and 
Michaelis for the four samples of milk examined by them. 
Their figures range from 40 to 50%; they give no duplicate 
analyses. 

Amount of diffusible P.O,.—The phosphates in the acid 
ash were precipitated in the way described by Neumann. 
These precipitates were dissolved in dilute ammonium 
hydroxide, the P 2 0 5 was precipitated again as MgNH 4 P0 4 , 
aud finally weighed as Mg 2 P a 0 7 in the usual manner. The 
details of these processes will be found in the author’s 
previous papers (ioc. cit. 1 and 2). The accompanying 
figures show the results obtained for the amounts of 
diffusible P a O s . 
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Percentage of P a O h of milk in a diffusible condition. 


Milk. 

P,0 5 in 
Span milk. 

100 cc. of 

Dialysate. 

Percentage in 
dialysate. 

A 

B 

24-bour. 

48-hour. 

24-hour. 

48-hour. 

55 

0-235 

0-232 

0-153 

, .. 

35-0 

«»• 

59 

0-216 

0-212 

0-076 

0136 

35-5 

... 

60 

0-233 

0-235 

0106 

0-131 

45*3 

... 

61 

0-259 

0*250 

0-138 

0-139 

54*1 

54-5 

62 

0-263 

0-261 

0-112 

0-110 

42*1 

42-0 

63 

0-220 

0-225 

0-123 

0-122 

55-3 

54-8 

64 

0-221 

| 0-217 

j 0-106 


48-6 

... 


These results show that the amount of diffusible P a O* of 
cow’s milk varies from 35 to 55%. 


The amount of the soluble or diffusible calcium and phos¬ 
phorus in milk is thus by no means consistent, but varies 
between rather wide limits. This variation is striking 
when the comparative constancy of the freezing point, 
and therefore of the total amount of dissolved matter is 
remembered. Jackson and Rotbera (1914) have examined 
this peculiarity and have shown that there is a reciprocal 
relation between the salts in solution in milk and the 
amount of milk sugar. 

Summary. 

1. When a large volume of milk is dialysed against a 
small volume of water, the freezing point of tbe dialysate 
after twenty-four hours approximates to that of the milk, 
and does not change as the dialysis is continued; a definite 
state of equilibrium is therefore reached. 

2. Milk freed from fat in a centrifuge contains 3% more 
ash-forming substances than whole milk. 

3. The diffusible calcium of cow’s milk amounts to 30— 
40% of the total present. 

4. The diffusible phosphorus of cow’s milk amounts to 35 
-55% of the total present. 
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In conclusion I wish to express my indebtedness to Sir 
Thomas Anderson Stuart, in whose laboratory this work 
was done, and to thank Assistant-Professor Ohapman for 
the advice and encouragement be has given me during the 
work. 
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that which the composition of any given sample of human 
milk is most likely to be. This fact is not very generally 
recognised, although a few investigators have pointed 
out the indefiniteness of these mean figures, and have 
despaired of making any general quantitative statement as 
to the composition of human milk (Hammarsten, Voltz). 
Other workers, for example Leeds, have endeavoured to 
give additional value to the mean of the results of their 
analyses by stating also the highest and lowest figures 
obtained for the amount of each constituent, and thus indi¬ 
cating the limits between which the variations occurred. 

In the following table are given typical sets of figures 
representing the means of the results obtained for the per¬ 
centages of the various constituents in series of analyses 
of human milk. The maximum and minimum values for 
the amount of each constituent are also given. The 
examples chosen are from the only three exhaustive modern 
investigations of the composition of human milk which the 
present author has been able to find. The original figures 
of an extensive series of analyses carried out by Adriance 
and Adriance (1898) unfortunately could not be obtained. 


Table I .—Typical mean, maximum , and minimum figure »for the 
deneity and vompoeition of human milk 



Density. 

Total 

Solids. 

Fat. 

Solids 
not fat. 

Protein. 

Milk 

Sugar. 

Ash. 

Maximum 

1-0353 

16-8 

6-9 

12*1 

4'9 

7*9 

0*37 

Mean 

1*0313 

13 3 

4*1 

91 

2*0 

6-9 

0*20 

Minimum 

1*0260 

10 9 

2*11 

6*6 

0-85 

5-4 

0*i3 

Maximum 

1-0426 

17-1 

8-8 


4-05 

8-9 

0-50 

Mean 

1-0313 

12-0 

3-07 

8-2 

1-97 

6-6 

0-26 

Minimum 

1-0240 

8-6 

0-47 

... 

1-02 

4-4 

0-17 

Maximum 


13-9 

5-8 


2-04 

7-5 

0-34 

Mean 

• • i 

120 

3-36 

8-6 

1-35 

6-4 

0-23 

Minimum 

... 

9-4 

1-27 


0-81 

5-35 

0-11 
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The first set of figures is from sixty analyses of the milk 
of women living in America, carried out by Leeds (1884); 
the second set of figures is from ninety-four analyses of 
the milk of women living in England, carried out by Carter 
and Droop Richmond (1808); the third set of figures is 
from fifty-three analyses of the milk of women living in 
Germany, due to Oamerer and Sdldner (1895, 1896, 1898). 

From this table will be seen the amounts to which the 
percentages of the various constituents of human milk may 
vary. It will be noticed that these variations are greatest 
in the case of the fat, and least in the case of the sugar. 
It will be seen also that the avorago figure given for the 
protein-content of human milk by Oamerer and Soldner, 
is considerably lower than that given by the other inves¬ 
tigators. The former workers estimated protein by 
determining the nitrogen of the tannic acid precipitate 
from the milk and multiplying this quantity by the factor 
6*25, the latter workers estimated the protein by the 
method of Ritthausen (precipitation by means of alkaline 
copper sulphate, extraction of the precipitate with ether, 
and direct weighing, or estimation of the nitrogen in it). 

Practically all of the analyses of human milk available 
to the present author were, with the exception of the 
results of Leeds and of Adriance and Adriance, who analysed 
the milk of women living in America, of the milk of women 
living in Europe. In the present communication the results 
of the analyses of samples of milk from over one hundred 
European women living in Australia are submitted. A 
simple application of the theory of probability to these 
results has been made in the eudeavour to arrive at a better 
defined general quantitative statement as to the composition 
of the milk examined than is given by the admittedly inade¬ 
quate method of simply stating the mean, maximum, and 
minimum values for each constituent. The influence of the 
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age and of tbe number of pregnancies of tbe mother, and 
of the time of lactation, on the composition of tbe milk has 
been studied. The effect of the length of tbe period of rest 
which has elapsed since the last withdrawal of milk from 
the breast and of the volume of the sample, and the differ¬ 
ence between the average compositions of the milk from 
each breast, have also been examined. 

Tho most striking feature of the results obtained is that 
they seem to give further support to the view that the 
secretion of the fat of human milk occurs independently of 
that of the other constituents, since the percentages of the 
latter show marked tendencies to approach certain “most 
probable” values, tbe percentages of fat show not such 
tendency, but the occurrence of any one percentage within 
wide limits seems to be no more probable than that of any 
other. 

2. The samples of human milk and methods of analysis. 

The samples of human milk of which the analyses are 
given in this paper were obtained from patients of the 
Royal Alexandra Hospital for Women, Sydney, through the 
courtesy of Miss E. M. Buckley, m.b., Pathologist to the 
Hospital, to whom 1 express my best thanks. 

The patients who come to this hospital for confinement 
remain there in the ordinary course of events for ten or 
eleven days after the birth of the child, and of the 105 
samples of human milk of which the analyses are given 
only one represents tho milk secreted after a period longer 
than this after child-birth. The great majority of tbe 
samples were obtained four or five days after the birth of 
the child. 

Tbe nurses who obtained the milk were at first instructed 
to obtain it by massaging the breast of tbe patient, as a 
better sample is said to be obtained in this way than with 
a pump (Engel), but as the nurses seemed to have great 
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difficulty In collecting samples large enough for analysis 
by this means, the use of the breast pump was resorted to, 
and all of the samples except the first two or three were 
collected with it. 

In the case of each sample of human milk the nurses 
were instructed to record the following particulars:— 

1. Age of mother. 

2. Number of pregnancies. 

3. Age of child. 

4. Time of collection of sample. 

5. Time of last suckling. 

6. Breast from which sample was taken. 

The nurses were directed to obtain the whole sample 
from one breast whenever possible, and to endeavour to 
empty the breast completely. The samples of milk were 
collected between 6 a.m. and 9 a.m.; tho analyses were 
begun at about 10 a.m. of the same morning, so that all the 
estimations were made upon perfectly fresh milk. 

Methods of Analysis .—Determinations of density, total 
solids, fat, and total protein, were made on the samples of 
human milk obtained. The amounts of solids not fat, and 
of solids not fat and not protein (chiefly milk-sugar) have 
been calculated by difference. 

The densities of the milks were determined with a 
pyknometer. The pyknometer used for the first twenty- 
five samples had a volume of about 8*5 cc., but as the 
quantities of milk obtained were occasionally smaller than 
this, a pyknometer having a volume of only about 2*7 cc. 
was used for the rest of the determinations. The levels of 
the pyknometer were adjusted after it had hung in a water 
thermostat for at least ten minutes; the densities given 
are for a temperature of 25° 0. Their values are given to 
one part in 10,000. 
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The total solids of the milk were determined on 1 oc. 
measured from a pipette and evaporated to dryness on a 
watch-glass in a glycerine oven at 103° O. This small 
quantity of milk can be spread out in a thin layer on the 
watch-glass and dries fairly quickly at 103° 0. In the 
calculation of the percentage of total solids the volume of 
the milk is multiplied by its density to give the weight. 
The values of the percentage of total solids are given to 
one part in one hundred. 

The fat in the samples of milk was determined by the 
Rose-Gottlieb (1888, 1891) method. In this method the fat 
is extracted from the milk mixed with alcohol and ammon¬ 
ium hydroxide by means of a mixture of ether and petroleum 
spirit of low boiling point, the fat dissolved in this mixture 
being weighed after evaporating off the spirit. The results 
of the analyses are given to one part in one hundred. 

It has been stated by Radenhausen (1881), Forster (1881), 
Mendes de Leon (1881), and by others, that the percentage 
of fat in human milk is lower in the portions first withdrawn 
than in the portions withdrawn later, and Reyher (1905), 
Forest (1906), and Engel (1906) have suggested that on 
account of this fact the whole of the milk contained in the 
mammary gland should be taken for analysis in order to 
determine the average percentage of fat in it, or, failing 
this, that equal portions should be taken for analysis at 
the beginning and the end of the withdrawal of the sample, 
the mean of the percentages of fat found in these two por¬ 
tions being taken as the average percentage of fat in the 
total amount of milk withdrawn. Helbich (1912), who 
reinvestigated this question later, did not find this depend¬ 
ence of the percentage of fat in human milk on the volume 
withdrawn from the breast, however. He therefore states 
that the inverse relation between volume and percentage 
of fat which Engel claims to have observed, does not exist. 
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In the present work an endeavour was made to comply 
with the above recommendations by having the mammary 
gland emptied as completely as possible for each sample. 

It has also been shown by Engel (1910), that the per¬ 
centage of fat in human milk is lower the longer the interval 
of time is which has elapsed since milk was last withdrawn 
from the gland. Account has been taken of this statement 
in the present oase by noting the time which had elapsed 
for each sample since the last withdrawal of milk from the 
same gland, with a view to ascertaining whether any 
similar effect of time on the percentage of fat in the milk 
secreted was to be observed. 

In the case of the cow, the fact that the last portions 
of a milking are richer in fat than the first is well known, 
and seems to have been first demonstrated by Parmentier 
and Deyeux as long ago as 1790. It is also well known to 
dairymen that the shorter the period of rest between two 
successive milkings of a cow the richer lu fat is the milk 
yielded at the second milking, but the smaller is the volume 
obtained. 

The total protein in the first fifty-three samples of.liuman 
milk was estimated by the method of Sikes (1906). In this 
method, 5 cc. of milk to which two or three drops of a 
saturated solution of citric acid have been added to^hinder 
the precipitation of salts, are mixed with 100 cc. of absolute 
alcohol, and boiled. The proteins are completely precipi¬ 
tated, and the fat, sugar, and extractives go into solution 
in the hot alcohol. The precipitate is spun in a centrifuge 
while hot and washed twice with 30 cc. of boiling alcohol. 
In the present case largo quantities of absolute alcohol and 
a centrifuge in which the washing could be done con¬ 
veniently were not available. The precipitation was 
therefore brought about by means of 95% methylated spirit, 
and the precipitate was washed twice with 50 cc. of the 
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spirit on a filter surrounded by a steam coll whiob kept the 
liquid hot. No protein could be detected in tbe filtrate 
from this precipitation by means of Millon's reagent. This 
reagent as used in the present case was capable of detect* 
ing one part in 20,000 of protein in solution, a quantity 
which would amount to about 0'25% of the protein esti¬ 
mated. No sugar could be detected in the second washing 
by means of Fehling’s solution. This reagent, as used in 
the present case was capable of detecting one part of 
lactose in 8,000, a quantity which would amount to about 
0'2% of the whole of the lactose present. No simple quali¬ 
tative test for fat of a well-defined order of delicacy was 
known, but a comparison of the results obtained by this 
method with those obtained by another method (described 
below) in which the fat was completely removed from the 
milk before the estimation of protein showed that the 
amount of any fat not removed by the washing was within 
the experimental error. 

In samples 71 to 122 a modification of the above method 
was used for the estimation of protein. Instead of a fresh 
sample of milk being taken, an aliquot part of the aqueous 
layer of the liquids obtained in the estimation of fat by tbe 
Rose-Gottlieb method was used. The method thus modified 
has the advantage that the fat and protein are both esti¬ 
mated on the same sample of milk, and that the fat in the 
liquid in which tbe protein is estimated has already been 
completely removed. The quantity of milk required for 
analysis is in this way much reduced, a determination of 
both fat and protein being easily made on 5 cc. of milk. 
Further, it is unnecessary to take precautions to keep the 
liquids hot during filtration in order to keep fat in solution. 
The first precipitation must, however, still be made from 
boiling alcohol, or the precipitate will not come down com¬ 
pletely, and hot alcohol is more convenient for the washings 
than cold. Citric acid was added before the precipitation 
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as in Sikes’ method, but was found later not to reduce the 
ash-content of the precipitate of protein. The percentage 
of ash Iq the precipitates was found to be about five; 
Sikes found the percentage of protein to be about three in 
his precipitates, but in the present case the percentage of 
ash in the precipitates obtained by his method was the 
same as in those obtained by the method described. 

The aqueous layer of the liquids obtained in the estima¬ 
tion of fat by the Rose-Gottlieb method is not clear, but 
opalescent, owing to the presence of substances in colloidal 
solution, the chief of which are caseinogen and phosphates. 
On standing, part of this fine suspension slowly rises and 
collects beneath the ethereal layer. Wheu this has 
occurred, the distribution of the substances in the aqueous 
layer is no longer uniform, so that, in taking an aliquot 
part of this layer for the estimation of protein, a represen¬ 
tative sample might not be obtained, and a fallacious result 
might be arrived at, although, as the precipitate is probably 
composed of phosphates which have been thrown down by 
the addition of ammonia, the effect of this uneven distri¬ 
bution of the contents of the aqueous layer upon the amount 
of protein found would probably be insignilicaut. The 
liquids, however, should not be allowed to stand longer 
than about one hour, or should be shaken up and allowed 
to settle again if they have stood too long. 

The following protocol of an estimation of fat and protein 
on the same sample of milk will givo a more deilnite idea 
of the method outlined above. 

Ten cc. of human milk in a 100 ec. stoppered measuring cylinder 
were mixed with 2 cc. of 10% ammonium hydroxide and 10 cc, of 
95% methylated spirit; 25 cc. portions of ether and of petroleum 
spirit wore then added, the mixture being thoroughly shaken after 
each addition, and finally allowed to stand for about one hour. 
The levels of the ethereal and aqueous layers were then found to 
be at 70*6 cc and 19*0 cc., respectively. The volume of the 

K—August 4,1915. 
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ethereal layer was therefore 51 '6 cc. t and that of the aqueous 
layer 19'0 cc. Twenty cc. of the ethereal layer were pipetted off 
and the spirit was driven off in a weighed vessel. The fat which 
remained behind weighed O’1257 gm. The percentage of fat in 
the milk was therefore: 0-1257/10 x 51-6/20 x 100/1-030 or 
3-14, the density of the milk being taken as 1-030. Ten eo. of 
the aqueous layer were now pipetted off and the protein in this 
liquid was precipitated as descrit>ed above. The dried precipitate 
weighed 0-1146 gm. The percentage of protein in the milk was 
therefore; 0-1146/10 x 19-0/10-0 v 100/1-030 or 2-11. 

The following series of estimations of tho amount of 
protein in human milk show the degree of concordance 
which is attainable between individual estimations on the 
same sample by this method: 


Sample A. 

Sample B. 

Sample O. 

2*62% 

3*20% 

2*59% 

2*63 

3*22 

2*57 

2*60 

3*21 

256 

2*63 



2*62 




The results obtained by this method thus agree together 
to within about 1%. 

In order to ascertain whether the results obtained by 
this method are strictly comparable with those obtained 
by the method of Sikes, six estimations of the -amount of 
protein in a sample of milk were carried out by eaoh method. 
The mean result of the six estimations by Sikes’ method 
gave the percentage of protein as 1*36, while the mean of 
the six estimations by the present method gave the per* 
centage as 1*35. The two methods therefore give closely 
agreeing results. The percentages of protein are given to 
one part in one hundred in the accompanying tables. 

Of the remaining constituents of human milk, which 
have not been directly estimated, 90% are made up of milk 
sugar. The chief other substances presont are: ash 0*2%; 
nitrogenous extractives, principally urea, 0*2%; citric acid 
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0*05%. The total quantity of these substances is small, 
so that comparatively large variations in their amount 
would not materially alter the total amount of these 
remaining constituents of human milk, and so a reliable 
estimate of the amount of sugar present may bearrive<tat 
by simply deducting 0*5 from the percentage of substances 
obtained by subtracting the percentages of fat and of protein 
from the percentage of total solids. In the table of results 
the percentages of these solids not fat and not protein are 
given, and from them the percentages of sugar may be 
calculated by making the above deduction. 

The percentages of solids not fat have also been given in 
the table of results, as this portion of the milk has been 
observed to be more constant in amount than the other con¬ 
stituents, and importance has therefore been attached to 
it for purposes of comparison. 

3. Results. 

The results of the analyses made, and the particulars of 
the samples of milk used are given in the following table. 
The figures given in the several columns represent: (t) the 
number of the sample; (2) the breast from which the 
sample was taken, It = right breast, L = left breast, B = 
both breasts; (3) the age of the mother in years; (4) the 
number of the pregnancy; (5) the age of the child in days; 
(6) the time in hours since the last application of the child 
to the breast; (7) the volume of the sample in cc.; (8) the 
density of the sample; (9) the percentage of total solids; 
(10) the percentage of fat; (il) the percentage of solids 
not fat; (12) the percentage of protein; (13) the percentage 
of solids not fat and not protein. The results given in the 
table have been arranged in descending order of the number 
of pregnancies of the mother, the results for any given 
number of pregnancies being in descending order of the age 
of the mother and of the time since the child was last 
suckled. 



Table II .—Results of analyse* of human milk aful particulars of samples. 


Number. 

** 

1 

n 

“1 
< a 

6 

a 

£ 

Age of 
Child. 

~f- 

11 

H m 

*8 

u 

Is 

‘Xjtsaea 

£ ! 
i ! 
3 ! 

# i 

5 

© 

a 

•8 

li 

Protein. 

j!l 

42 

♦ B 

14 

1 

5 

1*0 

19 

1*0297 

10*4 

2*10 

8*3 

2*02 

8*3 

69 

R 

17 

1 

4 

7*0 

15 

1*( 360 

12*3 

2*78 

9*5 

... 

... 

98 

R 

17 

1 

9 

10 

8 

1 0291 

14*0 

3*95 

10*0 

1*68 

8*3 

121 

B 

18 

) 

5 

1*5 

31 

1*0888 

130 

8-28 

9*7 

2*26 

7*6 

67 

B 

18 

1 

10 

0*5 

14 

1*0297 

13 7 

4*32 

9*4 


... 

58 

R 

19 

1 

4 

1*25 

20 

1*0325 

18*6 

4*38 

9*2 

1*81 

7*4 

101 

R 

19 

1 

4 

1*76 

16 

1'03C8 

10*8 

1*09 

9*7 

1-29 

8*4 

99 

h 

19 

1 

4 

8*0 

18 

1-0327 

10*7 

1*42 

9*3 

1*67 

7*0 

72 

B 

19 

1 

9 

1*6 

24 

1 *0329 

13*2 

3*61 

9*6 

1*53 

8*1 

78 

B 

20 

1 

4 

2*0 

S3 

1*0301 

14*8 

2-68 

12*2 

1*23 

11*0 

32 

L 

20 

1 

6 

2*5 

20- 


11*9 

2*89 

9*5 

1-67 

7*6 

60 

B 

20 

1 

6 

8*26 

13 

1-0318 

13*3 

8*85 

9*4 

2*42 

7*0 

30 

R 

20 

1 

7 

7*76 

20 f 

1*0334 

11*6 

5*20 

6*2 

1*82 

4*4 

102 

h 

20 

1 

11 

0*6 

9 

1*0320 

12*2 

6*88 

6*8 

2G0 

3*8 

23 

R 

20 

1 

5 


204- 

1*0330 

13*2 

2*98 

10*2 

2-20 

8*0 

113 

L 

21 

1 

4 

1*25 

10 

1*0372 

11*7 

1-42 

10-3 

8*00 

7*3 

117 

L 

21 

1 

4 

30 

9 

1*0337 

12*2 

2*51 

9*7 

2*41 

7*3 

44 

R 

21 

1 

5 

1*0 

16 

1 *0338 

120 

2*71 

9*3 

2-60 

6*7 

89 

JH 

22 

1 

8 

2*0 

20 f- 

1*0330 

12*8 

8-H 

9*7 

2*32 

8 b 

24 

L 

22 

1 

3 

7*75 

20+ 

10311 

13*3 

3*87 

9*4 

2*08 

7*3 

96 

R 

22 

1 

4 

3*5 


1 0331 

12*9 

3*31 

9*6 

1*82 

7*8 

108 

B 

22 

1 

7 

16 

20 

10312 

12*8 

3*46 

9*3 

1*35 

8*0 

46 

B 

23 

1 

6 

0-5 

16 

1*0298 

12*9 

3'44 

9*5 

2*18 

7*3 

S2 

B 

28 

1 

5 

iro 

27 

1*0332 

12*6 

2*82 

9*8 

1 81 

8*0 

86 

B 

28 

1 

0 

I r6 

15 

1*0331 

12*5 

3*40 

9*1 

1*73 

7*4 

in 

K 

23 

1 

10 

i*o 

.«« 

1*0337 

12*7 

2*52 

10*8 

1 *65 

8*4 

Bt 

L 

24 

1 

6 

| o r, 

35 

1*0344 

11*5 

1*93 

9*6 

107 

7*9 

38 

B 

24 

1 

3 

! 1*0 

20- J 


10*2 

2*21 

8*0 

2*86 

6*1 

r ,2 

R 

24 

1 

7 

0*5 

14 


10*7 

2*08 

8*7 

2*88 

5*8 

55 

R 

21 

1 

18 

j 2*0 

8 


13*7 

4*59 

9*1 

... 

Ml 

31 

1 R 

25 

1 

4 

0*5 j 

| 20+ 

1 *0343 

12*6 

2*86 ! 

9*7 

2*30 

7*4 

48 

i b 

25 

1 

4 

6*5 

10 


9*6 

0*56 

8*9 

2*43 

05 

28 

L 

25 

1 

8 

2*75 ! 

1 *0+ 

’ 1*0308 

11*3 

2*37 

7*9 

2*45 

03 

104 

B 

26 

1 

3 

1*0 

o : 

1*0308 

11*2 

2*29 

8*9 

1*66 

7*2 

103 

L 

26 ! 

1 

6 

1*0 

15 

1*0302 

12*2 1 

2*78 

9*4 

1*77 

7*0 

67 

i l 

26 | 

1 

li 

1*0 

27 

1*0238 

10*5 

7*65 

8*8 

1*64 

72 

61 

It 

27 

l 

4 

1*5 

22 

1*0327 

11*8 i 

2*40 

9*4 

2*32 

7*1 

76 

B 

27 

1 

5 

0*5 

14 

1*0325 

9*2 

0*78 

8*5 

1*70 

0*8 

105 

K 

27 

1 

5 

1*25 

29 

1*0312 

9*4 

1*01 

8*4 

1*64 

6*8 

25 

R 

27 

1 

6 

4-23 

20+ 

1*0318 

11-2 

2*22 

9*0 

1*78 

7*2 

119 

L 

27 

1 

8 

2*0 

11 

1*0295 

12-9 

8*07 

9*8 

201 

7*8 

114 

B 

27 

2 

9 

1*0 

9 

1*0813 

12*5 

3-23 

9*8 

1*62 

7*6 

22 

R 

28 

2 

3 

2*75 

20- 


13*1 

3*10 

10*0 

2 02 

8*0 

109 

L 

37 

2 

6 

1*0 

15 

1*0328 

13*3 

3*46 

9*8 

1*68 

8*2 

27 

R 


2 

4 

4*75 

20- 

... 

11*2 

1*63 

9*6 

1*97 

7*6 

34 

B 

... 

2 

6 

1*5 

20+ 

1*0351 

12*6 

2*41 

10*2 

4*00 

6*2 

66 

R 

18 

2 

4 

1*0 

30 

1*0318 

11*9 

2*86 

9*0 

1*86 

7*2 

112 

B 

18 

2 

0 

6*5 

15 

1*0301 

12*2 

3*11 

9*1 

1*65 

7*4 

41 

h 

19 

2 

3 

1*0 

20+ 

1*0324 

12*0 

8*77 

8*2 

2*08 

6*1 

80 

L 

19 

2 

4 

1*0 

23 

1*0887 

12*1 

2*76 

9*3 

1*28 

8*1 

46 

B 

19 

2 

6 

0*6 

1 14 

... 

12*5 

3*87 

8*6 

2*7tf 

5*9 

92 

R 

19 

2 

5 

2*5 

1 13 

1*0351 

11*6 

1*83 

9*8 

2*67 

7*1 




COMPOSITION OF HUMAN MILK IN AUSTRALIA. 


181 


. 

i 


& 


1 


. i 

3 


t 

. i 

Solida not 
fat nor 
protein . 

1 

*fMMg 

i 

o Jj 

d 

I 

W 

Cm 

0^ 

< j>Sj 

II 

l! 

EO m 

if 

£?!sua<i 1 

I 

1 

J_. 

49* 

p 

1 . 

j83_ 

i Protein . 

! 

08 

l 

20 

2 

4 

1*75 

14 


12*8 

3*20 

9*6 


... 

58 

L 

21 

2 

4 

1*25 

17 

1*0347 

12*2 

2*16 

10*0 

2*70 

7*3 

95 

L 

21 

2 

6 

1*5 

... 

1*0326 

11*5 

2*25 

9*2 

1*41 

6*7 

61 

B 

22 

2 

5 

0*6 

29 

1 0332 

10*9 

1*46 

8*4 

2*11 

7*3 

20 

L 

22 

2 

6 

2*0 

20 + 

1*0295 

12*2 

1*64 

10*6 

1*60 

9*0 

88 

L 

22 

2 

2 

7*5 

20 + 

1*0344 

12*2 

2*50 

9*7 

2*39 

7*3 

54 

L 

23 

2 

4 

925 

28 

1*0327 

13*5 

3*65 

9*8 

1*96 

7*9 

71 

L 

23 

2 

7 

10 

19 

1*0349 

11*9 

205 

9*8 

1*94 

79 

74 

L 

24 

2 

4 

6*25 

11 

1 0836 

13*5 

8*64 

9*9 

1*94 

7*9 

77 

B 

25 

2 

4 

0-75 

13 

1*0300 

13*2 

4*15 

90 

1*92 

7*1 

116 

B 

26 

2 

2 

2*0 

9 

1*0330 

13*7 

3*48 

10*2 

2*95 

73 

89 

L 

26 

2 

6 

1-5 

15 

10310 

13*6 

4*08 

9*5 

1*68 

7*8 

65 

L 

26 

2 

5 

2*0 

24 

1*0354 

15-5 

4*63 

11*0 

2*55 

8*4 

70 

L 

26 

2 

6 

0-75 

16 

1*0293 

14*9 

8*14 

11*8 

2*01 

9*7 

79 

B 

27 

2 

5 

1*0 

9 

1*0340 

13*7 

3*93 

9*8 

2*09 

7*7 

21 

L 

27 

2 

5 

1*5 

20 - 

... 

12*3 

2*00 

10*3 

2*40 

7*9 

94 

It 

28 

2 

5 

1*0 


1*0333 

11*8 

2*52 

9*3 

1-68 

7*6 

19 

L 

28 

2 

5 

3*5 

10 + 

1*0308 

13-6 

1*82 

11*8 

1*10 

10*5 

100 

B 

29 

2 

4 

2*75 

8 

1*0296 

12*6 

3*48 

9*1 

3*92 

5*2 

107 

B 

80 

2 

3 

1*0 

10 

1*0353 

11*0 





111 

B 

30 

2 

5 

1*0 

11 

1*0324 

11*3 

2*14 

9**2 

1*58 

7*6 

88 

B 

80 

2 

5 

1*75 

9 

1*0298 

11*6 

4*22 

7*4 

1*30 

01 

120 

B 

80 

2 

9 

1*5 

85 

1*0318 

13*2 

3*91 

9*8 

1*53 

7*8 

90 

B 

80 

2 

8 

1*5 

18 

1*0335 

12*6 

2*81 

9*8 

1*32 

8*5 

122 ; 

L 

80 

2 

8 

8*75 

20 

1*0360 

10*8 

3*60 

7*3 

1*43 

5*9 

62 

L 

31 

2 

5 

1*0 

80 

1*0368 

13*2 

2*48 

10*7 

3-58 

7*1 

87 

L 

32 

2 

3 

3*5 

23 

1*0329 

13*5 

2*03 

11*5 

1*98 

95 

75 

h 

26 

3 

4 

1*0 

15 

1*0358 

10-8 

1*21 

9*6 

2*44 

71 

29 * 

B 

28 

3 

2 

8*25 

20 - 


18*0 

2*63 

160 

4*10 

11*9 

43 

B 

30 

3 

4 

0*5 

22 

1 0268 

11*8 

3'75 

8*0 

2*60 

5*4 

97 

R 

32 

3 

3 

30 

11 

1*0307 

18*6 

4*12 

9*5 

1*16 

8*3 

78 

L 

34 

3 

4 

20 

21 

1*0332 

13*2 

3*42 

9*8 

2*01 

7*8 

47 

B 

40 

3 

7 

0*5 

27 

1*0313 

12*9 

3-97 

8*9 

2*04 

6*9 

50 

L 


8 

4 

0*5 

31 

1*0301 

9*9 

4*14 

5*8 

2*78 

3*0 

85 

B 

26 

4 

8 

10 

18 

1*0305 

13*8 

4*43 

9*4 

1*38 

8*0 

20 

L 

29 

4 

8 

2*0 

20 + 

1*0307 

18*4 

3*80 

9*6 

1*99 

7*6 

91 

R 

34 

4 

9 

1*0 

12 

1*0307 

13*7 

4*41 

9*3 

0*99 

8*3 

59 

L 

42 

4 

4 

1*0 

17 

1*0313 

11*4 

3*66 

7*7 

1*49 

62 

40 

B 

83 

5 

6 

8*5 

20 - 


12*5 

2*86 

9*6 

1*99 

7*6 

110 

R 

26 

6 

5 

3*0 

18 

1*0343 

11*2 

1*82 

9*4 

! 1*71 

7*7 

81 

B 

80 

6 

4 

1*0 

12 

1*0298 

iu*o 

1*09 

8*9 

! 4*20 

4*7 

88 

B 

30 

6 

4 

1*5 

31 

1*0329 

12*5 

3*80 

8*7 

2*17 

6*5 

66 

L 

80 

6 

5 

C *5 

26 

1*0325 

11*0 

1*99 

9*6 

1*94 

7*7 

49 

L 

81 

6 

6 

0*5 

20 

1*0297 

10*6 

2*39 

8*2 

2*80 

5*9 

118 

B 

31 

6 

8 

1*0 

35 

1*0274 

12*8 

3*87 

8*4 

2*57 

5*9 

116 

L 

82 

7 

8 

0*25 

19 

1*0818 

12*2 

2*26 

9*9 

1*91 

8*0 

84 

B 

32 

9 

9 

1*0 

11 

1*0308 

14*5 

4*64 

9*9 

1*87 

8*0 

63 

L 

25 

multi 

6 

1*0 

14 

1*0829 

13*1 

3*88 

9*7 

2*02 

7*7 

85 

B 

18 

pam 

4 

1*5 

20 + 

1*0816 

10*9 

1*77 

9*1 

8*93 

5*2 

18 

R 

21 


11 

8*0 

20 + 

1*0298 

11*7 

1*52 

10*2 

0*95 

9*2 

87 

B 

20 


4 

2*5 

20 + 

1*0322 

11-7 

2*53 

9*2 

1*98 

72 

86 

B 

24 

... 

4 

4*0 

20 + 

1*0339 

13*0 

3*02 

10*0 

3*21 

7*8 





182 


H. S« H. WABDLAW. 


Although the significance of the mean values of the 
results of a series of analyses such as the above is in general 
not so apparent as might be desired, the mean values of the 
results of the above series have been given, together with 
the maximum and minimum values, both for comparison 
with the results of other investigators, and because, as 
will be shown later, mean values may approaoh values 
having a definite significance when the number of observa¬ 
tions is fairly large, as in the present case. 

Table III.— Maximum , mean, and minimum values of the density 


and composition of the samples of human milk examined. 



Density. 

Total 

Solid*. 

Fat. 

Solids 
not fat. 

Protein 

Solids not 
fat nor 
protein. 

Maximum 

1-0370 

15-5 

7-65 

12-2 

4-2 

11-9 

Mean 

1-0321 

13-1 

3-14 

10-0 

2-00 

8-0 

Minimum 

1-0260 

9-4 

0-56 

6-2 

0-96 

3-8 


The results for sample 29, which was colostrum, are not 
included in the above table. The figures in the table show 
how widely separated are the limits between which the 
composition of the samples of human milk examined in the 
present case varied. The mean values, it will be noticed, 
are not very different from those of the investigators quoted 
at the beginning of the paper, with the exception of the 
values for the percentage of protein given by Oamerer and 
Soldner (loc. eft.), which differ from the values given by 
the majority of other workers. It must be remembered, 
however, that the present results are for the milk of the 
first week of lactation only. 

4. The most probable composition of human milk. 

When a series of measurements of a certain quantity is 
made, the results of these measurements are found, in 
general, not to be Identical, but to differ among themselves, 
even when the quantity measured is assumed to remain 
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unchanged. Under these circumstances, when the measure* 
meets are all made with equal oare, there is no reason to 
believe that any one of them is nearer the truth than any 
other and the arithmetic mean of the whole number ot 
measurements is taken as representing a value which is 
probably nearer to that of the quantity itself than the value 
obtained from any isolated measurement. The arithmetic 
mean of the results in this case has a very dbflnite meaning. 

But when the quantity measured itself varies, each value 
which it takes cannot be regarded as an equally probable 
approximation to a hypothetical “true” value, but itself 
has a real existence. To take the arithmetic mean of a 
series of measurements of such a quantity, then, is to obtain 
a figure which only has a meaning on the basis of assump¬ 
tions which do not hold in this case. As the arithmetic 
mean of a series of measurements of a quantity which varies 
has thus, of itself, no significance, how then is a series of 
measurements of such a quantity to he briefly described ? 
Attention seems to have been first directed to this ques¬ 
tion by Francis Galton (1879). 

Quantities which are observed to vary are of two main 
types: (1) those whose variations bear a definite relation to 
the variations of a second quantity or group of quantities, 
and (2) those in which no such relation to other quantities 
has been detected. A series of measurements of a quantity 
of the first type may be briefly and completely described by 
stating the relation which exists between this quantity 
and the second quantity or group of quantities. Such a 
relation is expressed by the mathematical function which 
the values of the first quantity are of the values of the 
second quantity. Numerous intermediate stages occur 
between the extreme cases where all the values taken by 
one quantity are a function of the values of other quanti¬ 
ties and where no definite relation has been discerned 



184 


R. 8. H. WAROLAW. 


between the values of the quantities associated together. 
Karl Pearson (1903) has regarded all phenomena as being, 
to a certain degree, contingent upon one another. In 
phenomena or quantities of the first type the degree of 
contingency is high, and may bo expressed numerically as 
approaching unity, where a contingency of 1 represents 
absolute dependence. In phenomena or quantities of the 
second type the degree of contingency is low, and may be 
represented as approaching zero, where a contingency of 0 
represents complete independence. 

The values of the various quantities which may be 
measured in milk, the percentages of the various substances 
which occur in it, although they must a priori bear an 
intimate relation to one another, being produced together 
by living organism which we know by observations made 
in other directions to have a wonderful power of co-ordin¬ 
ating its activities, yet do not bear to one another a rela¬ 
tion which we have so far been able to accurately and 
briefly define. The amounts of the different substances 
occurring in milk must therefore be regarded at present as 
bearing only a low degree of contingency to one another, 
and not very much information may be gained by the study 
of the relation between series of observations of such 
quantities, as will be seen later. 

If, however, each of these series be examined separately, 
and the results be arranged according to their magnitude, 
the series may be found to be capable of being divided into 
two main classes: (1) those in which the numbers of results 
are fairly evenly distributed over the whole range of the 
values observed, or (2) those in which there isa certain value 
in whose vicinity the results are much more numerous than 
elsewhere, the numbers of results becoming smaller and 
smaller as this value is receded from in either direction. 
In a series of results of the first kind, any particular result 
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is, to all appearances, no more likely to occur than any 
other, and the values of the results obtained must, on the 
evidence at hand, all be regarded as equally probable. The 
only convenient way of summarising such a series of values 
is to take the arithmetic mean of them all. But the figure 
obtained by this process cannot be regarded as being likely 
to be nearer a “ true ” value of the quantity measured than 
any isolated result, as in the case discussed above, but is 
simply a number such that any particular result in the 
series is no more likely to be above it than below it. 

But in the case of a series of the second kind, there is a 
value in the vicinity of which the results seem to be more 
likely to occur than in parts of the series further removed 
from this value. There is thus a greater probability that 
any result will fall in the vicinity of this value than any¬ 
where else. Such a value may, therefore, be regarded as 
the most probable value of the quantity which is being 
observed. 

The values obtained for the percentages of the various 
constituents in the samples of human milk analysed in the 
present work have been arranged according to their mag¬ 
nitude, as described above, and it has been found that both 
of these latter types of series are represented among them. 
In arranging a series of values according to their magnitude 
for examination in this way, the successive values must 
be so chosen as to increase by some convenient amount at 
each step, and in the present case the increment chosen 
for each step is one-tenth of the mean or most probable 
value of the series. If the steps chosen be too small, 
irregularities (not necessarily inaccuracies) in the values 
of the results obtained will obscure the general trend of 
the observations, while if the steps be too large, their 
number will be too few to adequately show the way in 
which the grouping of the results varies through the series. 
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Id the following tables the percentages of the constituents 
of human milk are arranged in ascending order of magni¬ 
tude, and under each value is given the number of results 
failing between this value and the succeeding one. Since, 
in the present case, the total number of results is about 
one hundred, these numbers represent the percentages of 
the total number of results falling between each pair of 
values, and may be considered as the relative probabilities 
of the occurrence of results having these particular values. 


(1) Fat —The following are the relative frequencies of 
occurrence of the various percentages of fat observed in 
the samples of human milk examined. 


Percentage 
of fat 

under 

i*2 

1-2 

1-6 

1-8 

21 

i 

i 

2-4 

2*7 

80 

8-8 

8*6 

8*9 

4*2 

j 4*5 

aud 

over 

Number of 
results 

6 

3 

n 

9 

i 

9 

18 




8 

11 

6 

6 


From these figures it will be seen that in the case of the 
fat of the samples of human milk examined, the results 
show no tendency to group themselves about any particular 
value, but occur with fairly even frequency over the greater 
part of the values observed. No most probable value for 
the percentage of fat can therefore be stated from these 
results, and the only easily obtained figure of general 
significance for the whole series is the arithmetic mean of 
the results, 3*14%. t 

(2) Protein —The following are the relative frequencies 
of occurrence of the various percentages of protein observed 
in the sum pies. 


Percentage 
of protein 

0-8 

1*0 

1*2 | 

1*4 

1*6 

1*8 

2-0 2-2 

j 

2*4 

2*0 

2*8 

3-C 

Number of 
results 

2 

2 

7 

7 

17 

18 

13 ! 7 

9 

6 

8 

1 


It will be seen from these figures that samples of milk 
having percentages of protein between 1*6 and 2*2 were 
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much more frequent than samples having any percentage 
outside of these limits. About 50% of the total number of 
results occur between these values and as they are fairly 
evenly distributed within the limits, their mean value 1*9 
may be taken as representing the most probable percentage 
of protein in the human milk examined. 

(3) Solids not fat and not protein —The following are the 
relative frequencies of occurrence of the various percent* 
ages of solids not fat and not protein in the samples. Over 
90% of this portion of the milk, it will be remembered, is 
composed of milk-sugar. 


Percentage of Bolide not 
fat nor protein 

8*8 

i 









Number of result# 

3 

l 8 

1 4 

10 

10 1 

I 37 

19 

2 

2 

3 


From these figures it will be seen that samples of milk 
having percentages of solids not fat and not protein 
between 6*7 and 8*7 occur more frequently than samples 
having any percentage outside of this range, and the mean 
of this range of values, 7*6, may be regarded as the most 
probable value of the percentage of solids not fat and not 
protein in the samples of human milk examined. About 
60% of the total number of results occur within this range. 
The closeness with which the results are grouped about a 
certain value is greater in this case than the case of the 
percentages of protein. 

The values of the percentages of the other portions of 
human milk which are considered as being of Importance, 
of the total solids and of the solids not fat and are deter¬ 
mined by the values of the constituents just given. The 
percentages of total solids and of solids not fat are given 
separately below. 

(4) Total solids —The following are the relative fre¬ 
quencies of occurrence of the various percentages of total 
solids in the samples examined. 
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Percentage of total solid* 

8*3 

9-6 

10*9 

12*2 

13*6 

14*8 

16*1 
and or# r 

Number of reaulte 

a 

12 

24 

46 

16 

H 

2 


It will be seen from these figures that samples of milk 
having percentages of total solids between 10*9 and 14*8 
are of considerably more frequent occurrence than samples 
having a percentage outside of this range. The mean of 
this range, 12*8% may therefore be considered as the moBt 
probable percentage of solids for the series. The results 
are even more closely grouped about this value than in the 
previous case, over 80% of the results occurring within an 
equal range. These figures also indicate that the occur¬ 
rence of percentages of total solids above this value is 
rather less likely than the occurrence of percentages below 
it, as the numbers of results are not quite symmetrically 
arranged about the most probable value but lower values 
are more plentiful than higher values. 


(5) Solids not fat —The following are the relative fre¬ 
quencies of occurrence of the various percentages of solids 
not fat observed in the samples of human milk examined. 


Percentage of solids not fat 

6-8 

7*2 

8*1 

9*0 

9*9 

10*8 

11*7 

Number of results 

3_ 

6 _ 

17 

55 

16 

2 

1 3 


These figures show that samples having percentages of 
solids not fat between 8*1 and 10*8 are much more fre¬ 
quent than those having any percentage outside this 
range. Nearly 90% of the total number of results occur 
between these limits. The mean of this range of values, 
9*4%, may therefore be considered as the most probable 
value of the percentage of solids not fat of these samples 
of human milk. It will be noticed that the numbers of 
results are much more closely grouped about the most 
probable value in this than in any of the other cases studied. 
This is another way of expressing the generally recognised 
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fact that solids not fat of milk are much more constant 
in amount than any of the other constituents usually 
determined. 

The distributions of these results over the ranges of values 
observed are represented graphically in the accompanying 
diagram. In this diagram the percentage deviations of the 
results from the most probable value have been plotted as 
abscissae, the percentages of the total number of the 
results showing these deviations as ordinates. 


do l- 



— so +0 *30 ao to o /o ao 90 jro 

feroeutiigo deviation from wont probable value. 

Diagram showing the distributions of the percentages of the 
constituents of human milk over the ranges of values found. 

O-O-O « fat. 

#---# a protein. 

O-O * solids not fat and not protein. 

x - x «s total solids. 

-- solids not fat. 

This diagram shows very clearly how the results tend 
towards certain values in the case of all of the constituents 
of human milk estimated, with the exception of the fat. 
The different degrees of closeness with which the results 
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are grouped about the most probable values are also well 
shown by the different heights o! the maxima on the curves, 
and the different degree of steepness with which they rise 
to these maxima. 

The striking difference between the distribution of the 
percentages of fat and those of the percentages of the other 
constituents is not peculiar to the present results, but is 
equally well shown by the results of Leeds, Garter and 
Droop Richmond, and Oamerer and Soldner already quoted 
in this paper. The following are the relative frequencies 
of occurrence of the various percentages of fat recorded in 
their papers arranged as described above. In these cases, 
of course, since the total numbers of results are not one 
hundred, the numbers given do not represent percentages. 


Per¬ 
cent, 
of fat. 

1*5 

and 

under 

1*8 

2*1 

2*4 

2-7 

8*0 

8*3 

8*0 

8*9 

4*2 

4*5 

4*8 

5*1 

5*4 

and 

ovar 

Num¬ 

•1 

8 

2 

5 

6 

0 

9 

7 

2 

5 

3 

0 

2 

1 

ber of 

to 

0 

8 

3 

6 

0 

2 

7 

5 

5 

3 

4 

0 

18 

results 

tl6 

6 

6 

10 

0 

11 

9 

9 

7 

3 

3 

2 

1 

4 


* Camerer and Sflldner. t Leeds. X Carter and Droop Richmond. 


As will be seen from these figures, the results show 
practically no tendency to group themselves about any 
particular value but occur with fairly even frequency over 
a wide range of values. 

When, however, the percentages of the other constituents 
are arranged in the same way they are found, as in the case 
of the results of the present work, to group themselves 
about certain values with varying degrees of closeness. 

The process by which the fat of human milk is secreted, 
therefore, unlike the processes by which the other con¬ 
stituents are produced, does not seem to favour the appear¬ 
ance of milk containing any particular percentage more 
than any other between certain wide limits. Although it 
might be contended that the irregularities found in the 
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percentages of fat in human milk may be due to a faulty 
method of obtaining the samples, it seems fairly evident 
that the fat of the milk is secreted by a process which is 
more less independent of that by which all the other con¬ 
stituents are produced, and the samples obtained for 
analysis must surely be comparable with the samples 
obtained by a suckling child, which can hardly be regarded 
as regulating to a nicety both the intervals between its 
meals, and the quantities which it takes. The chief object 
of the analysis of human milk is, after all, to ascertain the 
composition of the food of the human infant. 


In the table given below the values for the most probable 
percentages of the various constituents of human milk 
obtained from the results of the present work and from 
those of the work of the authors quoted are placed together. 
The values of the mean percentages are also given for 
comparison. 


Table IV .—Most probable anil mean values of percentages of 
constituents of human milk. 



Total Solide. 

Solids not fat 

Protein. 

Sug 

Author. 







__ ... 


Mean. 

Most 

probable. 

Mean. 

Moat 

prob. 

Mean. 

Moat 

prob. 

Mean. 

Leeds ... 

13*3 

130 

9*1 

93 

2*0 

o 

* 

6*9 

Carter and Droop] 
Richmond 

120 

11*7 

8*9 

8*6 

2*0 

1-7 

6 6 

Camerer and 
Soidner 

120 

120 

8*6 ! 

8*7 

1*4 

1*1 

6*4 

Halcro Wardlaw 

13-1 

12*8 

10*0 

9*8 

2*0 

1*9 

t 7 


Mont 

prob, 

7-1 

6-9 

6*7 

7*1 


From the above table it will be seen that the results 
obtained in these four series of analyses, with the exception 
of the percentage of protein given by Oamerer and Soidner, 
do not differ materially from one another. It would appear, 
therefore, that climate has no very marked effect on the 
composition. 
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These figures show also that the mean values ot the 
results do not differ much, as a rule, from the most probable 
values. This is due to the fact that the results lying out¬ 
side the range of most probable values are fairly evenly 
distributed on either side, and so balance when the arith¬ 
metic mean of the whole is taken. The arithmetic mean 
of series of analyses such as these, although of itself it has 
no meaning, thus lies close to a value which has a definite 
significance, and the mean value may, therefore, be used 
in many cases instead of the better defined, but not so 
readily accessible, most probable value. It should be 
remembered, however, that the occurrence of a number of 
very high or low values in a series of results would con¬ 
siderably alter the mean of the series, but not the most 
probable value. 

5. Variation of composition with time sinoo parturition. 

The composition of a sample of human milk is known to 
depend on the stage of lactation of the woman from whom 
it is obtained (Schloss, 1912; Oamerer and Soldner, Engel, 
Adriance and Adriance, loc. c it.). The main features of 
this dependence are that the ash and protein of the milk 
tend to decrease as the lactation continues, while the 
amount of milk sugar slightly increases. These statements 
apply to the very gradual alteration in the composition 
of human milk during the course of months of lactation. 
During the first few days of lactation, however, the alter¬ 
ation in the composition must be very much more rapid, 
since the milk first secreted after the birth of the child, the 
colostrum, has a composition which differs considerably 
from that of the milk secreted later, the principal differ¬ 
ence being the high percentage of protein in the former. 
Sample No. 29, Table II, is a typical example of colostrum. 
The variation of the composition of human milk obtained 
in the first few days after the colostral period, which 
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normally does not last longer than forty-eight hours, does 
not seem to have been examined in detail* Practically all 
of the human milk, the analyses of which are given in this 
paper, were obtained during this immediately post-colostral 
period, and the results of these analyses have been arranged 
in the following table so as to indicate how the average 
composition alters during these first few days of lactation. 
The samples from which the table has been compiled were 
obtained from women who had been suckling for periods 
ranging from two to eleven days. 

Table V. — Variation of composition of human milk with stage of 

lactation. 


Suckling 

for 

Numbei 

of 

samples 

Density. 

Total 

solids. 

Fat. 

Solids 
not fat. 

■ 

. 

Protein. 

Solids 
not fat 
nor 

protein. 

1-2 days 

3 

1-0337 

14-8 

2-84 

12-0 

3-30 

8-7 

3-4 „ 

39 

1-0322 

12-2 

2-84 

9-4 

2-33 

7-0 

6-6 „ 

36 

l-oaaa 

12-2 

2-64 

96 

2-06 

7*5 

7-8 „ 

13 

1-0319 

12*3 

3-27 

90 

2-02 

7*0 

9-11 

11 

1-0308 

13-5 

4-13 

9-4 

1-69 

7*7 


It will be seen from this table that the average values 
of the density and protein fell during the period of obser¬ 
vation; the fat remained almost constant for a time and 
then rose considerably; the amount of total solids fell 
rapidly at first, this fall being due to the large decrease in 
the amount of protein associated with the disappearance 
of colostrum, then rose again as the amount of fat present 
increased; the amount of solids not fat fell rapidly at first, 
and then fluctuated slightly, but did not move steadily in 
any direction; the amount of solids not fat and not protein 
varied in the same way as the amount of solids not fat. 
On the whole the composition did not alter materially after 
the second day. The author hopes to deal with the later 
stages of lactation in detail in a subsequent paper. The 
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great majority of the samples dealt with in the present 
paper were obtained four to five days after the commence¬ 
ment of suckling. 

6. Effect of ago of woman on oomposition of milk. 

In the samples of human milk which Leeds (loc. cit.) 
examined, he found that the average composition of the 
milk of women under twenty years of age showed higher 
values in the amount of every constituent than the milk of 
women over twenty years of age. In the following table 
the average compositions and densities of the human milks 
examined in the present investigation are arranged accord¬ 
ing to the ages of the women from whom they were obtained. 
The samples obtained from primiparse have been kept 
separate from those from multipart. 


Table VI .—Effect of age on composition of human milk. 



Priiniparro. 



Multi parse. 

Age. 

20 and 
under. 

21 to 30 

31 and 
over 

20 and 
under 

21 to 90 

31 and 
over 

No. of results 

15 

28 

1 

8 

37 

12 

Density 

1-0319 

1 0323 

... 

1 0326 

1*0319 

1-0314 

Total solids ... 

12-4 

12*2 

13*3 

12*1 

12*9 

12*1 

Fat ... 

3*15 

2-67 

3*46 

2*87 

2*98 

2-97 

Solids not fat 

9*4 

9-5 

9-8 

9*2 

9-9 

9-4 

Protein 

1*91 

2 06 

1*68 

1*88 

2*40 

1-96 

Solids not fat 
nor protein 

7-7 

7-1 

8*1 

7-3 

7*5 

7-4 


No very clear evidence of a definite relation between 
the age of a woman and tiie composition of the milk secreted 
by her seems to be shown by the above figures. There is 
some evidence, however, that the percentage of protein is 
higher in the milk of women between the ages of 20 and 30 
than in the milk of women younger or older than this in 
the case of primiparse as well as in that of multiparse. 
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7. Percentage of fat in milk of each breast. 

It has been supposed by certain investigators that there 
is a constant difference between the average percentages 
of fat in the milk obtained from each breast. Mendes de 
Leon (loc. c it.) states that the milk of the right breast is 
richer in fat than that of the left, while Zappert and Jolles 
(1903) found the milk of the left breast to contain up to 
0*6% more fat than that of the right breast. The samples 
of milk examined in the preseut case have been compared 
together to determine whether any such difference between 
the secretions of the two breasts is to be seen in them. All 
of the samples compared were of the milk secreted at the 
same stage of lactation (4-5 days post par turn). The 
average percentage of fat in the milk of the right breast 
(19 samples) was found to be 2*57; the average percentage 
of fat in the milk of the left breast (22 samples) was found 
to be 2*50. In view of the large variations in the percentage 
of fat in the samples of human milk examined, however, 
the difference between these two figures (0*07%) is too small 
to justify a conclusion that the average percentage of fat 
in the milk of one breast is persistently higher than that of 
the milk of the other breast. 

8. Effect of number of pregnancies on composition of 
human milk. 

In the following table are given the average values of 
the density and composition of the milk of women at the 
first, second, third, and subsequent pregnancies. 


Table VI i .—Effect of number of pregnancies on composition of 
human milk . 


Number or pregnancies 

1 

2 

3 

More than 1 

N umber of samples 

46 

33 

20 

13 

Density ... . 

1-0324 

1-0328 

1-0312 

1-0309 

Total solids . 

12-2 

12-6 

12-6 

12-5 

Pat . 

2-91 

3-04 

3-44 

3-32 

Solids not fat ... 

9-4 

8-6 

8-1 

9-1 

Protein ... 

2 01 1 

2-14 

2-17 

1-89 

Solids not fat nor protein 

7*4 

6-4 

6-4 

7-2 
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From this table it will be seen that the average density 
is highest at the second pregnancy, and falls as the number 
of pregnancies increases; the average percentage of total 
solids Is slightly lower at the first pregnancy than at the 
subsequent; the average percentage of fat rises till the 
third pregnancy, and then begins to fall; the average per¬ 
centage of solids not fat is higher at the first than at sub¬ 
sequent pregnancies, although there is a rise after the 
third; the average percentage of protein, like that of the 
fat rises, until the third pregnancy and then falls; while 
the average percentage of solids not fat and not protein, 
falls after the first pregnancy, but increases again after 
the third, 

9. Effect of volume of sample and of period of rest on 
fat-content of human milk. 

With regard to the effect of the volume of a sample of 
human milk obtained from the breast one might expect 
from the work of Engel and others quoted in this connec¬ 
tion that, in general, the smaller the volume of a sample 
was the higher the percentage of fat in it would be. In 
the present case, when the volume of the sample was 
between 15 cc. and 21 cc. the average percentage of fat 
was 2'66; and when the volume of the sample was between 
25 cc. and 35 cc. the percentage of fat in it was 3’09. These 
figures are more in accord with the statement of Helbich 
(loc. cit.) than with that of Engel, and show no very evident 
reciprocal relation between the volume of the sample and 
the percentage of fat in the milk. 

The effect of the time of rest since the last withdrawal 
of milk from the mammary gland on the percentage of fat 
in the milk yielded should be similar, according to the 
workers cited above, to that of the volume of the sample, 
that is, the relation should be an inverse one. When 
samples of milk of approximately equal volume, but obtained 
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after different periods of rest, were compared in the present 
case, it was found that after half an hour the percentage 
of fat was 3*07; alter one hour it was 2*95, and after that 
fluctuated irregularly. No definite relation between the 
time of rest of the mammary gland and the percentage of 
fat of the milk yielded is apparent, therefore, from these 
results. 

XO. Summary. 

1. Certain values of the percentages of constituents other 
than fat of human milk of the first week post partum 
occurred much more frequently than others. These values 
were:—total solids, 12*8; solids not fat, 9*8; protein, 1*9; 
solids not fat and not protein, 7*6. 

2. There was no definite percentage of fat near which 
the percentages in the majority of the samples lay, but 
the results were fairly evenly distributed over the whole 
range of values found. The average percentage of fat 
was 3*14. 

3. The average percentage of fat increased from 2*84 
to 4*13 during the first eleven days of suckling; the average 
percentage of protein decreased from 3*30 to 1*69 during 
the same period. 

4. The age of the woman, the number of pregnancies, 
the volume of the sample, the time since the last with¬ 
drawal of milk from the breast, and the breast from which 
the sample was taken, appeared to have no distinct effect 
on the composition of the milk examined. 

5. A new method for the estimation of protein in milk 
has been described. 

In conclusion, I wish to express my thanks to Professor 
Sir Thomas Anderson Stuart, in whose laboratory this work 
was carried out, and to Dr. H. G. Chapman for his advice 
and helpful suggestions. 
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THE TEMPERATURE OF ECHIDNA ACULEATA* 

By H. S. Halcro Wardlaw, B.Sc. 

(From the Phyeiological Lalwratory of the Univertity of Sydney.) 

(With eight Text-figures.) 

Introduction .—The study of the morphology of Echidna has 
led to its being classified with the most primitive of mammals. 
This fact has, perhaps, given rise to the supposition that the 
functional activities of the animal would share the primitive 
characters of its structure; and, indeed, Chapman (4) has shown 
that the behaviour of the muscle of the Echidna towards stimuli 
resembles more that of the muscle of cold-blooded animals such 
as the frog, than that of typical mammalian muscle. The 
observations which had, up to the present, been made of the 
temperature of Echidna were interpreted as further justifying 
this supposition. 

The temperatures of reptiles lie within a few tenths of a 
degree of that of the surrounding air [PembreydO), Richet(H), 
Soetbeerd#)]. They vary, therefore, from day to day with the 
changes of the external temperature. 

The temperatures of birds and of nearly all mammals(including 
marsupials) are subject to little variation (Pembrey, Riohet, foe. 
cti.), and are maintained at levels (36*-45 # C.), above which, in 
most parts of Australia, the temperature of the air rises only 
during a short season of the year[Hunt(5)]. 

The temperature of Echidna, however, was found to be con¬ 
siderably lower and more variable than that of other mammals. 
N. de Miklouho-Maclay(9), who appears to have been the first to 
observe the temperature of this animal (1879), found the cloaoal 

• The work, of which this paper is an account, was oarried out in the 
year 1914, during the author’! tenure of a$oienoe Rese ar ch Scholarship mi 
the University of Sydney. 
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temperatures of two specimens to be 28-3’ and 26*95*0. R. von 
Lendenfeld(6) gives the ordinary blood-temperature of the animal 
as 28*0., although he says it may rise as high as 35*0. SemondS) 
found that the cloaca] temperatures of the seven Echidnas, which 
he was able to observe, ranged from 26*5* to 34*0*0., whilst 
Sutherland(tt), observing fourteen animals, found temperatures 
ranging from 22* to 36*0. The two latter observers recorded 
the temperatures of the air as well as those of the animals. The 
only conclusions to be drawn from the above small number of 
observations seem to be those expressed by Semon, that Echidna 
is not strictly to be classed either with poikilothermal or with 
homoiothermal animals; it has a body-temperature which stands 
in no direct relation to the temperature of the external air, but 
which undergoes uncommonly large variations. 

Later, 0. J. Martin(7) studied the behaviour of the temperature 
of Echidna, when the external temperature was rapidly varied 
in a definite and regular manner. Under these circumstances, 
it was shown that the temperature of Echidna undoubtedly 
depended on that of the surroundings. In experiments on three 
animals, for example, when the temperature of the surroundings 
rose from 5* to 35* in 6*7 hours, the temperature of the Echidnas 
rose from 25*5* to 34*8*, or 9-3*0., from 27*6* to 40*0*, or 12*4*0., 
and from 29*1° to 37*1°, pr 8*0°G,, respectively. It must be 
noted, however, that under circumstances such as these even the 
temperatures of higher mammals showed a degree of dependence 
on the external temperature much greater than usual. In the 
case of a rabbit, when the air-temperature fell from 40° to 6', or 
35*0., in about five hours, the temperature of the animal fell 
from 4i'6° to 37*5°, or 4*1°G., in the same time. In the case of a 
cat, when the same fall in the external temperature occurred in 
an equal time, the temperature of the animal fell from 39*9° to 
38*5*, or 1*4*0. The variations of the temperatures of reptiles 
(blue-tongued lizards) in similar experiments followed exactly 
those of the temperature of the surrounding air. 

Under the conditions of these experiments, therefore, Echidna 
behaved in a manner intermediate, with regard to the regulation 
of its temperature, between that of reptiles and that of mammals; 
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and Martin concluded that Echidna is the lowest on the scale 
of warm-blooded animals. 

But there is a class of mammals whose temperatures are at 
times subject to very great variations - the class of hibemants. 
The members of this class are not confined to any one group of 
animals, and among them is to be numbered Echidna (N. de 
Miklouho-Maclay, Martin, loc. cit.)> During the winter-months, 
animals of this class allow their temperatures to sink towards 
that of the external air, and behave like cold-blooded animals 
for periods of varying duration. 

As to the temperatures of these animals outside of the periods 
of hibernation, the data available are rather few in number, and 
different observers are not unanimous in their opinions. Pembrey 
( loc. cit.) states that, with regard to temperature, the behaviour 
of hibernants in their waking-state is practically the same as that 
of other warm-blooded animals. Merzbacher(8), on the other 
hand, is of the opinion that the temperature of hibernants in 
their waking-state is rather lower than that of other mammals, 
and is subject to much greater variations. He cites his own 
observations and those of Saissy(12 , who gives the waking-tem¬ 
perature of the bat as 31°C; Berthold(3), who states that the 
normal waking-temperature of the dormouse is 29*7°C.; Barkow(2), 
who observed temperatures ranging from 25° to 35*C. in 
the case of a waking hedgehog; and of several other investi¬ 
gators in support of this view. A quotation from Barkow 
may be given as summarising their position: “ Obgleich 
die Tiere ausserhalb des Winterschlafes zu den Warmbliitigen 
gehtiren, so zeigt die Lebenswarme doch bei verminderter 
allgemeiner Tatigkeit, wie wahrend des gewohnlichen Schlafes, 
bei Abmagerung, oder sonstiger Krankheit, gross# Neigung zum 
SinkenJ' Athanasiu(l), however, while admitting that the 
waking-temperatures of hibernants are perhaps slightly lower 
than those of other mammals, throws doubts on the reliability of 
the low figures given by some of the above observers, and points 
out how extremely limited is our knowledge of the temperatures 
of hibernants in their active state, and how necessary are new 
investigations to give us satisfactory information on this question. 

3 
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In view of this incomplete state of our knowledge of the 
waking-temperatures of other hibernants, therefore, the conolu- 
sion that Echidna is the lowest on the scale of warm-blooded 
animals seems hardly justified. Anatomically, Echidna is indeed 
the most primitive of mammals, but between the anatomical 
classification of animals and their physiological functions there 
is not necessarily a direct relation. With regard to temperature, 
for example, this is well illustrated by a comparison of birds with 
reptiles and with mammals. As far as their structure is con¬ 
cerned, birds are much more closely related to reptiles than to 
mammals, and yet their behaviour with regard to temperature is 
quite different from that of reptiles, and very similar to that of 
mammals. 

The aim of the present work has been to collect a series of 
observations of the body-temperature of Echidna under condi¬ 
tions which, although they can hardly be called natural, yet 
underwent no arbitrary, regular variations. The endeavour has 
also been made, by collecting a large number of data over fairly 
long periods and at different times of the year, to obtain material 
from which a more comprehensive idea of the behaviour of 
Echidna, with regard to temperature, might be gathered. 

It may be stated here (i.) that the Echidnas under my observa¬ 
tion hibernated only for very short periods at a time during the 
winter, (ii.) that, outside the periods of hibernation, their temper¬ 
ature kept in the neighbourhood of a value (30*C.) which is con¬ 
siderably lower than that of the average temperature of the 
majority of mammals, and (iii.) that the temperature of the 
animals was subject to comparatively large variations, and seemed 
to be affected, to some extent, by the temperature of the air. 

Methods .—The observations recorded in this paper were made 
upon ten Echidnas, all males, and varying in weight from about 
600 to about 2000 gins. The animals were kept in a shed of 
fibro-cement, the floor of the shed being of concrete, and having 
upon it a layer of sawdust about 5cm. thick. For the first three 
weeks during which observations were made, the animals were 
fed upon bread and milk; for the remainder of the time, upon 
eggs beaten up with milk to which a little sodium citrate had 
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been added to hinder coagulation. These animals are apt to so 
gorge themselves upon milk (they are able to drink as much as 
30% of their body-weight of it) that, if clotting be allowed to take 
place unhindered, a solid mass, which digests very slowly, is 
formed in the stomach and eventually causes death. 

Of the ten Echidnas under observation, Nos. 1-7 were caught 
in Autumn, Nos.8-10 in Spring. These animals survived for 
varying lengths of time, after coming under observation, as set 
forth in tabular form below. 

Caught in Autumn (April) 1914. Caught in Spring (October) 1914. 

No.l lived for 37 days. 

No.2 lived for 75 days. 

No.3 lived for 01 days. 

No.4 lived for 82 days. 

No.5 lived for 103 days. 

No.0 still living. 

No.7 lived for 97 days. 

It will be noticed that the animals captured in Autumn lived, 
on the average, much longer than those taken in Spring. No.6 
had been living in captivity for about twelve months at the time 
of writing. The death of one of the animals was due to acute 
peritonitis. What caused the death of the others is not known, 
although post mortem examinations showed the presence of 
infarcts in the liver in several cases. The animals were all 
rather emaciated before they died. 

The body-temperatures of the animals were observed by insert¬ 
ing the bulb of a thermometer, graduated in tenths of a degree 
Centigrade, through the cloaca into the rectum, and reading off 
the temperature in situ to the nearest tenth of a degree after 
the lapse of two minutes, the time required for the mercury to 
become steady. Tho errors of the thermometers used were de¬ 
termined by reference to standard instruments, and the necessary 
corrections made to the readings. The animals were held up by 
a hind leg while the temperature was being observed. Difficulty 
was experienced at first in getting the thermometer into the 
rectum, owing to the rolling-up of the animals, but they soon 
became accustomed to handling, find then offered little resistance* 


No.S lived for 10 dayB. 
No.9 lived for 18 day*. 
No. 10 lived for 32 days. 
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The temperatures of the animals were observed during two 
periods of the day, in the morning between 10 a.m. and 11 a,m. t 
and in the afternoon between 2 p.m. and 3 p.m. The temper* 
ature of the air in the animals 1 shed, at a height of about 120cm. 
from the floor, was always read just before taking the tempera¬ 
ture of the animals. It should be remarked that the temperature 
of the air above the animals may be considerably different from 
that of the sawdust covering the floor of the shed. On one hot 
day, for example, the temperature of the air was 37*4°C., whilst 
that of the sawdust was only 2HTC. 

Results —The following is a tabular record of the observations 
made. 


Tablk i. 


Autumn and winter temperatures of Echidna . 


Date. 

Time. 

Air- 

temp. 

No. 1. 

Temperature of Echidna 

No.2. No.3. No.4. No.5. No.6. 

No. 7. 

30/4 

10.15 

20 *2 

30*8 

29*8 

31*6 

29*1 

31*6 

28-3 

28*5 


3.10 

237 

326 

31*8 

34*0 

337 

34 2 

— 

32*9 

1/5 

10.30 

20*2 

29-3 

29 5 

30 3 

26 5 

294 

30*0 

— 


2.30 

222 

31*8 

324 

33 3 

30-9 

33*4 

320 

33*0 

4/5 

11.0 

20-2 

30*0 

31*9 

30*1 

269 

30*8 

299 

30*2 


2.15 

20 7 

32*2 

30*9 

327 

80-4 

33 4 

32-7 

327 

5/5 

10.30 

18*4 

29 0 

32*1 

28*9 

25*6 

30*5 

29*3 

298 


2.30 

20*4 

31*6 

31-3 

327 

30*2 

33 7 

308 

329 

6/5 

10.30 

18*6 

277 

307 

81-2 

23*2 

297 

29*0 

298 


2.30 

20*8 

31*2 

31 8 

32 -5 

287 

33*4 

31*6 

S3 1 

7/5 

10.30 

18*6 

274 

305 

29-7 

23*8 

80*4 

29-1 

288 


2.0 

19 8 

29-8 

329 

332 

29*4 

33*3 

30*3 

82*5 

8/5 

10.15 

20*3 

26 8 

30*3 

30 4 

25*1 

29*3 

29*3 

294 


2.15 

207 

27*6 

33 2 

334 

29*9 

33 4 

320 

83*2 

11/5 

10.15 

177 

28*2 

29*4 

29*1 

24*1 

300 

29*0 

28*2 


2.30 

199 

31-4 

32*9 

334 

29*0 

33-8 

32*0 

— 

12/5 

10.30 

176 

29*2 

30*0 

27*4 

25*0 

29*4 

28*6 

99 9 


2.45 

20 2 

32*1 

33*2 

327 

28*9 

33*6 

32*2 

328 

14/5 

10.45 

187 

27*6 

29*8 

302 

23*8 

30 3 

30*9 

299 


3.15 

197 

32*1 

33*4 

32*8 

29*0 

33*5 

33*5 

33*3 

15/5 

10.45 

17*2 

28-8 

305 

26 1 

24*9 

29*3 

297 

29*5 


2.45 

197 

31-9 

31*8 

31 9 

28-2 

81-6 

82*5 

— 

18/6 

11.0 

19*3 

27*4 

31*2 

31*8 

19*6 

81*0 

30*3 



3.0 

18 3 

31 *0 

32 4 

33*2 

21*5 

38*1 

32*5 

t 

19/5 

10.45 

16*5 

21 5 

303 

— 

16*4 

31*2 

297 

3 


3.15 

18-2 

27*6 

33 1 


17*4 

32*8 

32*4 


20/5 

10.30 

17*3 

21*5 

30*0 

26*9 

16*6 

29*6 

28*6 

20*0 


2.30 

17*8 

266 

33*0 

31-8 

17*1 

3*2*8 

32*3 

31*2 

21/5 

11.0 

153 

25*1 

30*0 

27*2 

16*4 

29*2 

28*9 

28*4 


2.45 

17-0 

289 

32*6 

32*0 

22*8 

32*0 

82-1 

29*2 
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Tablb \.— Continued . 


Date. 

Time. 

Air- 

temp. 

No.l. 

Temperature of Kchidua 

No.2. No.3. No.4. No.5. No.6. 

No. 7. 

22/5 

10.30 

16-4 

266 

20 0 

27 0 

24*6 

31 *6 

29 6 

26 1 

2.45 

17*2 

30*9 

33 1 

32*4 

28*8 

33 6 

32*6 

32 1 

26/6 

10.15 

14 8 

150 

29*2 

19*2 

14*8 

26*8- 

30*0 

14*8 

2.30 

— 


33*2 

30*6 


32*7 

82 3 


28/6 

10.30 

161 

0 

a 

29 3 

26 2 

0 

a 

29*6 

27 1 

© 

0 

27/6 

10.30 

132 

f? 

26 1 


ti 

18*0 

253 


3.0 

14 1 

32 5 


.s*- 

■W 3 

31 1 


•- U 
£ 9 

28/6 

10.30 

11 9 

<6 S3 

2 • 

28*5 

£ « 

£■£ 

25*3 


5.2 


2.15 

160 


32*8 


32*2 

-‘S i 

grs 

20/5 

10.30 

13*7 

16*6 

S 

26 1 
32 9 

51 

s 

18*3 

S at 

E *5 

£ 

1/6 

11.15 

148 

23 6 

30*6 

22 8 

dead 

29*5 

222 

28*8 

2.45 

16*3 

23 5 

32*4 

27*8 


27*2 

299 

326 

2/6 

10.15 

12*9 

16*7 

25*2 

15 8 


17*1 

300 

317 

2.45 

17*2 

16*2 

32 5 

19*1 


16-9 

80 4 1 33 0 

3/6 

10.15 

12*8 

13 8 

25*5 

14-8 


12*8 

23-8 

21 9 

2.30 

16 2 

16-2 

32*5 

18*8 


14*7 

31*0 

317 

4/6 

10.30 

11 *2 

12*4 

19*4 

13 9 


11*1 

18-3 

16*1 

2.45 

16 0 

14*6 

31 8 

21*7 


13 9 

29 5 

18*9 

6/6 

10.30 

13 3 

dead 

20 2 

20 3 

... 

25*7 

29 1 

17*2 

2.45 

16*9 


.30*8 

32*1 


320 

31 -5 

31-0 

9/6 

11.0 

13 7 


20*9 

17 9 


19*6 

17 7 

19 4 

2.15 

17*2 


30*9 

22*0 


29*0 

22 3 

20-7 

10/6 

10.45 

13*4 


26*1 

14-9 


16 5 

17*2 

161 

2.30 

16 5 


32*5 

15*8 


291 

29 5 

15*8 

11/6 

10.15 

13*2 


30*4 

13 5 


25*3 

29*6 

13*8 

2.15 

15-6 


3.3*1 

14*8 


28*5 

320 

26*8 

12/6 

10.15 

118 


29*6 

124 


25*3 

23*4 

300 

2.15 

15*4 


32*7 

! 14*7 


27*8 

30*5 

320 

15/6 

10.30 

12*0 


14*8 

1 11*9 

... 

28*8 

13*5 

13*3 

2.30 

15*5 


21 9 

i 14*7 


31*2 

255 

146 

16/6 

10.45 

12*9 

... 

28*9 

| 13*3 


30*6 

29*8 

32*4 

2.30 

14*3 


331 

! 14*3 


31 5 

316 

32-1 

17/6 

10 30 

12 9 

. M 

20*9 

13*2 


29*7 

14*4 

20*6 

2.15 

136 


19*7 

13 5 


32*0 

14*0 

18*1 

18/6 

10-45 

13 7 


14*9 

13*4 


28*9 

14*3 

13*9 

2.15 

14*8 


15 2 

18*2 

• •. 

31-6 

25*1 

14-8 

19/6 

10.45 

137 


24*1 

20*2 


30*6 

28 8 

13*8 

22/6 

10.30 

12 5 


18*1 

13*3 


.302 

28 l 

12*4 

20 

13-8 


29*5 

15.3 


3*2*6 

32 0 

137 

23/6 

10.15 

10*9 


24*3 

18*0 


30*3 

28*7 

31 9 


2.30 

15 3 

... 

32*2 

16*4 

... 

32*9 

32*3 

327 

24/6 

10.30 

121 

6 .« 

27*4 

17*5 

• • • 

20*6 

25*0 

18*4 

2.30 

15 9 

■ » | 

33*0 

16*6 


328 

31 5 

15*9 

25/6 

10.45 

13 6 


28 8 

14*6 

... 

29*6 

277 

13*5 

2.30 

15 5 


32*9 

14*9 


325 

31 7 

14 6 

26/6 

10.45 

155 


30*8 

161 

... 

302 

28*4 

14*3 


2.30 

16*2 

... 

305 

15*7 

... 

326 

30*1 

152 
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Table i. —Continued. 


Date. 

Time. 

Air- 

Temperature of Echidna 

No. 7. 

temp. 

No.l. 

No.2. 

No.3. 

No. 4. 

No. 5. 

No. 6. 

30/6 

10.15 

16 5 

... 

25*3 

dead 


31*6 

28*5 

14*9 

2.30 

160 


28*8 



29 3 

31*3 

19*0 

1/7 

10.45 

14'2 

... 

198 



283 

21*1 

295 

2/7 

10 45 

14 *8 


18 9 



296 

14*8 

23*8 

2.15 

14*5 


19*9 


... 

33*0 

15 9 

21*2 

3/7 

10.30 

155 


20 0 



30 3 

31*6 

18 9 

230 

16 4 

». i 

21*4 



33 0 

327 

17*9 

6/7 

10.30 

14 8 


24*7 



30*0 

292 

18*6 

2.0 

15 9 


25*0 



32*6 

32*1 

14 7 

7/7 

10.15 

13*8 


181 

«• • 


29*7 

28*6 

13*9 

2.16 

15 8 


17 1 



31 7 

31 -3 

14*3 

8/7 

10.30 

10 6 

, #f 

10*9 



300 

13 3 

11 8 

2.15 

12*4 


115 



32 9 

18*5 

11 *6 

»/7 

10.30 

121 

•. • 

11*4 

• • • 


28 6 

16-3 

111 

2.0 

14*0 


13 3 



323 

31 -3 

12*4 

10/7 

10.30 

10-6 


10-4 



28*2 

24 7 

101 

2.30 

12*5 


11 3 



31 9 

29*0 

10*9 

13/7 

10.30 

9 9 

.«• 

dead 



29 3 

10*7 

32 0 

2.45 

12 2 





324 

11-2 

32*4 

14/7 

10.15 

10*6 





28*4 

9*9 

18 8 

2.15 

130 




... 

29*4 

11*3 

15*5 

15/7 

10.45 

12 0 


... 



25 1 

9*9 

10*2 

— 

13*1 





27*0 

11*5 

12*0 

16/7 

10.0 

8*4 


•.. 


,, 

29 5 

28 3 

8*9 

2.0 

11-3 





32*3 

31 3 

9*9 

17/7 

10 15 

101 


... 

l 

i 

27 8 

25 8 

[ 15*0 

2.15 

11 *9 


,, 

... , ... 

30*1 

29 8 

13 3 

20/7 

11 0 

116 


... 


30 6 

12 1 

121 


2.30 

13 l 

Ml 

... 

i **• 

32*4 

12*3 

126 

21/7 

10.45 

12*0 


... 

i 

... * 

19 2 

12*7 

11*3 

2.30 

13-4 


... 

... i 

29*4 

13*3 

12 1 

22/7 

! 10.30 

121 



1 ... 

30-3 

117 

12 1 

2.30 

13 6 





31 7 

137 

24 8 

23/7 

10.30 

9*8 





29 4 

30*0 

31*4 

2.30 

13-7 


... 

... 


32*5 

31*7 

326 

24/7 

11-0 

121 


... 



30*7 

27*3 

30*6 

2.0 

13-9 


... 



32*7 

31 9 

325 

27/7 

10.15 

Ml 


... 



21*5 

26 2 

11*2 

2.45 

13-8 





31 3 

30*1 

13 6 

28/7 

10.15 

10*0 





23*4 

20*8 

10*8 

2.15 

14*8 


... 

... 


30 ’8 

300 

126 

29/7 

10.30 

13 1 





29*2 

29*6 

12*1 

2 30 

; 15*5 





32*6 

31-8 

13 3 

30/7 

10.30 

12*4 


... 



26*4 

26 8 

11 5 

2.30 

15*9 





31*3 

32*2 

13 8 

31/7 

10.15 

12-7 


... 


... 

29 l 

268 

12 4 

2.15 

| 151 





31*1 

30*2 

13*8 

4/8 

10.15 

13*3 


... 

«. • 


30*6 

22*7 

... 

2.15 

17-0 | ... 

i 



31 8 

30*5 

... 
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Date. 

Time. 

Air- 

temp. 

No.l. 

Temperature of Kchidna. 

Ni',2. No.8. No.4. No.4. No.8. 

No.7. 

6/8 

10.30 

12*9 





28 A 

28'8 



2.15 

171 





27 4 

31*9 


6/8 

10.30 

14-8 


... 

... 

... 

23*7 

29 3 



2.45 

16*1 


... 

.. 

• ■ 

23*9 

29*1 


7/8 

10.46 

14*2 


... 


14*4 

27 9 



2.15 

17*3 



... i 

16*1 

31 *8 


10/8 

10.30 

129 



! 

dead 

239 



2.15 

15*7 





31 3 


11/8 

10.15 

11 *8 





26*0 



2.15 

18*4 



1 


30*7 


12/8 

10.45 

14*1 


... 

. , 


27 4 


13/8 

1045 

13*3 

... 

... 

| ... 


29*8 



In the case of Echidna No. 1, it will be seen that, between 
April 30th, and May 22nd, its morning-temperature varied 
between 30*8* and 25*1*, except on May 19th, and 20th, when 
very low body-temperatures were recorded; its afternoon-tem¬ 
peratures varied between 32*5* and 27*6*0. On May 25th, the 
first definite hibernation was noticed, the temperature of the 
animal being very close to that of the air. Observation of the 
anirnars temperature was at once suspended in order not to dis¬ 
turb the hibernation, but a partial awakening occurred on June 
1st. The animal was again torpid next day, and died three days 
later. 

In the case of Echidna No.2, between April 30th and June 
12th, with the exception of June 4th, 5th, and 9th, when low 
body-temperatures were observed, the morning-temperatures of 
the animal varied between 32* 1* and 25*1*0., the afternoon- 
temperatures between 33*4* and 30*8*C. The hibernation of 
this animal was very erratic; the first definite signs of it were 
observed on June 15th. The animal was torpid on June 15th, 
June 18th, and from June 30th to July 2nd. The temperature 
rose somewhat on July 7th, but fell again next day, and remained 
almost at the level of the temperature of the air till the death of 
the animal on July 10th. 

Between April 30th and June 22nd, Echidna No. 3 showed 
no signs of hibernation. During this period its morning-tem- 












240 


TRMPBRATURK OF KCH1DNA ACULBATA, 


perature varied between 31-8° and 26*1°C., its afternoon-tem¬ 
perature between and 340°C, On June 22nd, the animal 
commenced to hil>ernate, and was left undisturbed. On June' 
26tb, the animal began to wake up, however, but became torpid 
again on the 28th. Jt was again left undisturbed, but woke 
again on July 5th. From July 9th, till the time of its death on 
July 29th, the animal hibernated continuously. This is the 
longest period of continuous hibernation shown by any of the 
Echidnas under my observation. 

The temperature of Echidna No.4 behaved, on the whole, in 
rather an erratic fashion. From April 30th, to May 15th, its 
morning-temperature varied between 29*1° to 23 2°C., its after¬ 
noon-temperatures between 33-7° and 28 , 2°C. From May 16th, 
to May 21st, the temperature of the animal approached towards 
that of the air, the animal meanwhile becoming more and more 
sluggish, and finally quite torpid. Next day, the temperature of 
the animal rose suddenly to 28*8°C., but immediately began to 
fall again almost as rapidly, reaching the level of the temperature 
of the air on May 25th. 'Jhe animal became torpid again and 
remained in this condition until its death on June 1st. As this 
animal was in a poor state of health when it came under observa¬ 
tion, its temperatures are not regarded as normal. 

Echidna No.5 is peculiar, as it showed only one short period 
of hibernation during the Winter, from June 2nd, to June 4th. 
For the remainder of this period, with the exception of the 
mornings of May 27th, and 29th, June 9th, July 19th, and 27th, 
and the three days preceding its death, the morning-temperature 
of the animal varied between 316° and 25 , 3 U C., the afternoon- 
temperatures between 34*2° and 26 5°C , although only on one or 
two occasions were the lower values reached. 

The morning-temperatures of Echidna No.6 remained between 
30*9° and 27*1°C, the afternoon-temperatures between 33 t>° and 
30*4°C., from April 30th, to May 26th. On June 16th, the first 
definite signs of hibernation were observed. This animal hiber¬ 
nated for a day or two on five separate occasions during the 
Winter. These occasions were June 17th, July 2nd, 9th, and 
10th, July 14th, 15th, and 16th, July 20th, 21st, and 22nd. It 
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will be noticed that, between the periods of hibernation, the 
temperature of the animal rose very sharply to its normal values 
in the vicinity of 30°U, This animal was injured on one occasion 
(May 27th) while inserting the thermometer, and was left undis¬ 
turbed for a few days to recover. It was still alive and in 
good health at the end of the period of the observations. 

Echidna No.7 showed the first signs of hibernation on May 
20th. Before that date, its morning-temperature varied between 
30*2° and 26*1°0., its afternoon-temperature between 33*3° and 
29*2"0. The first period of hibernation began on May 25th; the 
animal was left undisturbed, but became active again on June 
1st. This animal hibernated on eight successive occasions during 
the Winter, most of its time during that season being spent in 
the torpid condition. The periods of hibernation were May 25th 
29th, June 4th, June 9th-11th, June 15th, June 17th-22nd, June 
23rd-30th, July 3rd-l0th, July 14th-21st, and, finally, from July 
27th till the death of the animal on August 1st. 

Tabi.k ii. 


Spring and summer temperatures of Echidna. 




Air- 

Echidna 6. 

Echidna 8 

Echidna 9. 

Echidna 10. 

Date. 

Time. 







temp. 

temp. 

wt. 

temp. 

wt. 

temp. 

wt. 

temp. 

wt. 

22/9 

10.30 

18 1 

28 fl 


30*3 


... 


i 

2.0 

21 7 

327 

1590 

33 1 

1175 



1 

23/9 

10.0 

18 0 

29 5 


30*4 




... 


2.30 

26 6 

33 8 

1570 

33*6 

1150 




#4 

24/9 

10.15 

17*4 

27-8 


29 9 




... 


2 30 

235 

33 3 

1560 

33*7 

1120 


... 



23/9 

10.0 

14 1 

95 8 


28-8 






2.15 

19*9 

32*2 

IflOO 

33*0 

1090 




,, 

26/9 

10.0 

13*8 

27‘9 


259 




... 


98/9 

10.10 

16*9 

27*5 


24*6 


... 




2.30 

22*2 

82 4 

1550 

32*0 

1030 


... 

... 

... 

29/9 

10.30 

15*7 

28*4 


31 0 






2.15 

21*4 

32*8 

1570 

33*6 

990 




... 

30/9 

9.45 

17 3 

31*2 


306 




... 


2.15 

22*0 

32*9 

1600 

3*2 4 

960 


... 

... 

... 

1/10 

10.30 

18 1 

29 8 


dead 




... 


2.40 

23*2 

32*4 

1780 




... 


... 

2/10 

10.80 

15 4 

28*0 




29*9 


... 


2.45 

16 1 

308 

1760 


.. 

30*8 

1890 

... 

... 

6/10 

10.20 

18*2 

30*4 




29*0 




2.30 

254 

335 

1590 

... 

... 

30*0 

1970 


- 
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Tabu* ii .—Continued. 


be. 

Time. 

Air- 

temp. 

Echidna 6. 

Echidna 8. 

Echidna 0. 

Echidna 10. 

temp. 

wt. 

temp. 

wt. 

temp 

wt. 

temp. 

wt. 

12 

10 40 

27*3 

32 7 









2.35 

341 

33*0 

2100 


... 


e § • 


• •« 

16/12 

0.40 

25*3 

20*4 









2.30 

325 

32 4 

2010 


f t % 





12 

10.10 

24*8 

31*0 









2.30 

302 

33*1 

1920 




... 


... 

12 

0.55 

22*2 

30*6 









2.30 

23 0 

33*3 

1900 




... 



12 ; 

0.50 ! 

20-8 

29*1 









8.0 

20*6 

31*7 



... 






In Table ii., a record of the weight of the animals has been 
added, so that some idea may be gathered of the general state of 
their health during this period of observation. 


The morning-temperatures of Echidna No.6 will bo seen, from 
the above Table, to have varied between 33*2° and 25*8°C., the 
afternoon-temperatures between 34 0° and The weight 

of the animal also showed very large fluctuations, its lowest value 
being 1540 gms., its highest 2100 gms. The weight, on the whole, 
increased, however, and the animal was still living and in good 
health at the end of the period of observation. 

Echidna No.8 lived only a short time while under observation. 
During this time, its weight steadily fell. Its morning-temper¬ 
atures varied between 310° and 24*6°C., its afternoon-temper¬ 
atures between 33*8 and 32*0°C. 

Echidna No.9 also did not live long, and its weight, too, 
steadily fell. Its morning-temperatures varied between 30*8° and 
29*0°C., its afternoon-temperatures between 31*5° and 29*7°C., 
except on the last day, when the animal was dying, and its tem¬ 
perature was almost at the level of that of the air. 

Echidna No. 10 also decreased in weight during the period of 
observation, although it lived about thrice as long as Nos.8 and 
9. Its morning-temperatures varied between 32-2° and 24*4°C., 
its afternoon-temperatures between 33*5° and 30*6°C. 

The observations recorded in the above Tables, with the excep¬ 
tion of those made on Echidna No.4, have been plotted out 
graphically in order to render their meaning more evident. In 
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the accompanying diagrams (Text-figs. 1-8), the temperatures are 
represented by vertical lines, the heights of which are propor¬ 
tional to the values of the corresponding temperatures. Morning- 
temperatures are represented by discontinuous lines, afternoon- 
temperatures by full lines. The points corresponding to the levels 
of the temperatures of the air are marked on the ordinates for 
the temperatures of the animals by crosses in the case of morn¬ 
ing-temperatures, and by circles in the case of afternoon-temper¬ 
atures. 



0 
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ECHIDNA NO. /, 



Text. fig.1.-Autumn and Winter temperatures. 


ECHIDNA NO. 3. 



Text-fig. 3.—Autumn and Winter temperatures. 
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The above series of observations was made, as will be seen, 
during two periods of the year. The first period extended from 
April 30th to August 13th, 1914, 105 days, and comprised the 
end of Autumn and the greater part of Winter. The second 
period extended from September 22nd to December 21st, 1914, 
90 days, and comprised the greater part of Spring-and the 
beginning of Summer, For the first series of observations, 
Echidnas Nos. 1, 2, 3, 4, 5, 6, and 7 were used; for the second 
series, Nos.6, 8, 9 , and 10. 

As the behaviour of the animals, with regard to their temper¬ 
ature, was considerably different in the winter-portion of the first 
period from that in the autumn-portion of it, and in the second 
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period, it will be convenient to consider first the observations 
obtained during the Winter separately. 

Hibernation qf Echidna.—As previously stated, under the 
conditions under which I observed Echidna, its hibernation was 
of a very fitful nature. This fact is well exhibited by the sudden 
falls and rises of temperature shown in the diagrams giving the 
winter-temperatures. During the periods of hibernation, the 
temperatures of the animals remained only slightly higher than 
the external temperature, following the variation of this like the 
temperature of a cold-blooded animal. The instances in which 
the temperatures of Echidna are shown to be actually lower than 
the external temperatures are due to the occurrence of rises of 
the latter so rapid that the animals have not warmed-up quickly 
enough to follow them. The diagrams also show how great are 
the individual differences between the animals as to the extent 
to which they hibernate during Winter, the only common feature 
being the fact that none of them ever hibernated continuously 
for more than a few days at a time. The longest period of hiber¬ 
nation shown extended over about ten days; the average period, 
however, was only two or three days. During these periods, the 
animals lay inert while undisturbed, and showed no visible 
respiratory movements. If moved and placed in an awkward 
position, they very slowly readjusted themselves. 

No doubt the unnatural conditions, under which the animals 
were living, had much to do with the intermittence of their 
hibernation. The taking of an animal’s temperature, per rectum , 
twice a day, must have a rather disturbing effect, although 
specimens which were purposely left undisturbed, during periods 
of hibernation, did not remain torpid any longer than others 
whose temperatures were regularly taken. 

The behaviour, during Winter, of the Echidnas under my 
observation was markedly different from that of the animals 
observed by Martin, who states that “during Winter, Echidna 
abandons all attempts at homwothermism and hibernates for 
four months.” The fact that the Winter of Melbourne (where 
Martin’s observations were made) is rather colder than that of 
Sydney, the average midwinter temperatures being 9-5° and 



BY B. ft. HALCR0 WARD LAW. 


263 


12*2°0., respectively (Hunt, loc. cit .), may account for the fact in 
part, but, apparently, not altogether, as an examination of the 
diagrams and tables will show that the animals were sometimes 
awake and active at temperatures lower than those at which 
they were, at other times, torpid. Temperature seems, therefore, 
not to be the only factor concerned in the bringing on and main¬ 
tenance of hibernation, as has also bo*-n supposed in the case of 
European hibernants. 

With regard to the rate at which the animals enter into or 
emerge from a state of hibernation, no very detailed information 
can be gained from the tables and diagrams, as the temperatures 
were not observed at frequent enough intervals. The large falls 
of temperature, indicating the entrance of an animal into a state 
of hibernation, generally occurred between an afternoon-observa¬ 
tion of the temperature and the succeeding morning-observation. 
Falls of temperature of as much as 16M 7° occurred in this period 
of twenty hours, as in the case of Echidna No.6, on June 16th- 
17th, and of Echidna No. 7 on June 3rd-4th. Between the 
morning- and afternoon-observations, a period of about four 
hours, comparatively sudden rises of temperature occurred as the 
animals awoke from hibernation. For example, in the case of 
Echidna No.6, on June 15th, a rise of 12*0 U occurred in the above 
interval of time; and, in the case of Echidna No.7, a rise of 
13*8° occurred on June 5th, in the same period. 

Relation between temperature of Echidna and temjmaiure oj 
air .—Let us consider now the temperature of Echidna during 
the periods in which no hibernation occurred, Autumn, Spring, 
and Summer. Tt will be seen that, during these periods of 
observation, firstly, the morning-temperature of the animals was, 
with only one or two exceptions, lower than the afternoon- 
temperature; and, secondly, that, although the morning- and 
afternoon-temperatures each showed variations considerably 
greater thau are met with in the case of human beings, yet 
these variations seem to have occurred about a sort of mean 
value; and we may therefore speak of these temperatures as 
having certain average or mean values, always bearing in mind 
the very doubtful significance of any average or mean figure as 
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applied to living organism#. In the following Table, the average 
morning* and afternoon-temperatures lor several individual 
Echidnas, and" for the whole number in the Table are given for 

the autumn-period, the period befitwis hibernation. 

’ *> 

TjjMjM Ui. 

Average Autnmn4mpgnUure$ qf Echidna, 


KoMdna 

Temperature 

Morning Afternoon 

No. of ok 

2 

30 

1 

32’6° 

18 

5 

30 2 

33 r 

16 

6 

29 4* 

3SH° 

17 

7 

296° 

3ir 

10 

Average 


32 7° 

1 

61 


It will be seen tl&at the individual averages do not differ much 
from one another. Single observations, however, may differ as 
much as 3* from the average values. The average morning- and 
afternoon-temperatures front 61 observations distributed over 
four animals are shown to be 29'9° and 32*7°C. respectively. 
The average temperature of the air for this period was about 
18°C. 

In Table iv., are given the average morning- and afternoon- 
temperatures for individual Echidnas, and for the whole number 
in the Table for the Spring- and Summer- period, t.e., after hiber¬ 
nation. 

Tabli iv. 


Average Spring- and Summer-lemperafurea of Echidna, 


Kohidna 

Temperature 

Morning Afternoon 

No of oba. 

6 

30 

sir 

60 

8 

28*9® 

331° 

8 

9 

30i* 

30 8° 

8 

10 

290* 

ai-r 

*8 

Average 

29*4® 

82-T 

100 
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In thii table, too, it will bo seen that the individual averages 
do not differ greatly from one another, although the differences 
shown are greater than in Table iii. The ooUaetite average 
morning* and afterneon^temperatures, obtained from 100 observe* 
tion| distributed over lour animals, are, in this case, 31*4° and 
32*^0., respectively, values slightly lower than those given in 
the preceding Table, although the average temperature of the 
air for this period was about 2S°C., or 6° higher than in 
the autumn-period. The differences from the average values 
shown by single observations are rather greater than was the 
case with the autumn-temperatures, differences of about 0° oc¬ 
curring in a few cases. This may possibly be due, in part, to the 
fact that the health of the animals examined in Spring and 
Bummer, with the exception of that of No.6, was not so good as 
that of those examined in Autumn. The former animals lived 
only 1-3 weeks while under observation, whereas the latter lived 
considerably longer, on the whole. It is to be noted, however, 
that the variations in the temperature of Echidna No.6, which 
has survived all the others, were as great during the spring- 
period as those of the animals which died. 

It has been seen that, outside of the winter-period, the morn¬ 
ing-temperature of Echidna was almost invariably lower than 
the afternoon*ternpera t u re; the average difference for the whole 
of the observations was 2*8°C., but there were considerable varia¬ 
tions from this value. It will be seen, too, that, in the great 
majority of oases, the external temperature was also higher in 
the morning than in the afternoon. In spite of this general 
agreement in the direction of the changes of the temperature of 
the air and that of the changes of the temperature of the animals, 
the grounds do not seem sufficient for concluding immediately 
that the variations in the temperature of the animal are due to 
those of the temperature of the air. In the first place, there 
were several instances in which the temperatures of the air in 
the morning were greater than in the afternoon, and yet the 
temperatures of the animals increased towards the afternoon In 
the usual way. These instances are collected together in the 
following Table. 
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Toli v. 

Relation of temperature tf Behid** to temperature «»n 


D»t*. 

Temperature of air 
Morning Afternoon 

Temperature of tit 
Morning Afternoon 

I8/8/14 

i 9 3* 

'18-8* 

27*4* 

1 w<r 



si-y 





81-8° 

Mr 




8H>« 

881* 

*- 




82 6* 

80/6/14 

ie-8* 

i«« r 

29*8* 

81-8* 


' * 

$1-6° 

29-8* 

it 

J4*8* 

war 

29’6* 


w-r 

*8-.r 

air 

88 i* 

- 



29*4* 

8/11/14 

25 *0* 

28-2* 

I 82 4* 

88 8° 

* < 

, 

| 81-8° 

82*2® 


As will bo seen from the Above Table, there were only two 
occasions on which a reversal of the direction of change of the 
temperature of the air was accompanied by a similar reversal iti 
the direction of variation of an animal's temperature, and, on 
each of these Occasions, this reversal was shown only by one of 
two animals under observation. 

In addition to these cases in which the temperature of the air 
fell, instead of rising, between morning- and afternoon-observa¬ 
tions, there were many occasions on which the rise of the temper¬ 
ature of the air was less than that of the temperature of the 
animals. Further, there were four occasions on which, although 
the temperature of the air rose between morning and afternoon, 
that of an animal fell in the same interval of time; and these do 
not include those cases where erratic behaviour of the temper¬ 
ature of an animal was due either to the onset or to the dose of 
a period of hibernation. 

From the above faots, therefore, it seems that the daily varia¬ 
tion of the temperature of Echidna does not entirely depend 
upon that of the temperature of the air, but is, in part, of the 
same nature as the dally variation observed in the case of other 
mammals (of man in particular), which is regarded as quite in¬ 
dependent of the variations of the temperature of the air, and 
which, as in the case of Echidna, consists of an increase, though 
a much smaller one, between morning and afternoon. The mag- 
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nitade Mid uaevennasa d tha daily variation in the 'eeae of 
ara quite in keeping with the general behaviour of its 
temperature. ft must be remembered too, that temperatures 
/j *fere observed only at two timet of the v day, and these may not 
have eoincided with the extremes of Variation of the animals* 
temperature*. 

If one considers now the illation of a series of morning- or of 
afternoon-temperatures to the corresponding temperatures of the 
air; it will be found that the variations of the former sometimes 
take place in the same direction as those of the latter, and at 
other times in the opposite direction. The prevailing tendency 
is, however, for the variations of the air-temperatures and of the 
body-temperatures of the animals to be in the same direction, so 
that there seems to be some connection between the two. This 
view is further supported by the comparison of the mean autitmn- 
temperatures of Echidna No.6, with the mean spring- and sum¬ 
mer-temperatures of the same animal. The air-temperatures 
during Autumn were considerably lower than those during 
Bpring and the beginning of Summer. The average temper¬ 
atures of the animal were: Autumn, morning, 29*4% afternoon, 
32*1°; Spring and Summer, morning, 30*1% afternoon, 32<9°G. 
Over these fairly long periods, then, higher temperatures of the 
animal were, as a rule, associated with higher air-temperatures, 
although the evidence of any causal connection between the two 
is not very strong, ft will be remembered, however, that the 
average morning- and afternoon-temperatures of several animals 
(Tables iii. and iv.) were slightly higher in Autumn than in 
Spring. 

Summary. —(1), Du ring the winter-months, the Echidnas under 
observation hibernated intermittently, their temperatures ap¬ 
proximating to these of the air during the periods of hibernation, 

(2) . Outside of the periods of hibernation, these Echidnas 
maintained a temperature which was fairly constant (30-33°C.). 
although lower than that of other mammals. Echidna, therefore) 
is a true homoiothermal animal. ** 

(3) . The temperature of these Echidnas showed a daily varia¬ 
tion, which seemed to be, to some extent, independent of the 
variations of the external temperature. 
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(♦). Apart from thh bringing on of hibernation, there it an 
indication that change of the external temperature hat an eflbtt, 
although not a simple or immediate one, on the body-temperature 
of Behidna, as the average temperature of an animal in Spring 
was Slightly higher than that of the same animal in Autumn* 

In conclusion, I wish to express my indebtedness to Professor 
Sir Thomas Anderson Stuart, in whose laboratory this work was 
done, and to Assistant-Professor Chapman, for his helpful advice 
during the course of the work, 
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